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(57) Abstract The present invention provides an approach for developing an algorithm for determining the effectiveness of and- 
viral drugs based on a comprehensive analysis of paired phenotypic and genotypic data guided by phenotyp.c chmcal cut-offs. In 
one aspect, the algorithm allows one to provide a patient with effective treatment It helps predict whether an infected individual will 
respond to treatment with an anti-viral compound, thereby allowing an effective treatment regimen to be designed without subjecting 
the patient to unnecessary side effects. Also, by avoiding the administration of ineffective drugs, considerable time and money is 
saved. 
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COMPOSITIONS AND METHODS FOR DETERMINING THE ^^^^^^^ 
OF A PATHOGENIC VIRUS TO ppnTB ' A SE INHIBITORS 

TMsappn<^onisentitiedtoandclai^^ 
Ne^^m.f^bru^ 

60/392377, filed June 26, 2002, the contents of which are hereby mcorporated by reference 
in their entireties. 



1 fnn n fW INVENTION 

10 This invention relates to compositions and methods for determinrng the 

susceptibility of a pathogenic virus to an anti-virni compound. The compositions and 
^thodsareusefulfor identifying effective drug rcgintens for the ^ 
infections, and MeMifrtai ""4 detemiiuog I 



15 

2 p * r v r.nnUNP ™> INVENTION 

2002, Radiol Technol. 73(4):339-363. 

Modernanti-IJrVdmgstargetdifferentst^ofth^ 
^^•.^.-Ifc-I--*'-^-- Amongst med^s that have sofar 
25 been approved for AIDS therapy are nucleoside reverse transcriptase .rotors such as 
AZT, ddl, ddC, d4T, 3TC, abacavir, nucleotide reverse transcriptase inhibitor, .such as 
tenofovir, non-nucleoside reverse trauscriptase inhibitors such as nevirapine, efavrmnz, 
delavirdine and protease inhibitors such as saquinavir, ritonavir, indinavir, nelfinavtr, 

30 ^"ZtrZ^of the action of an anti-viral drug is that it can exert sufficient 
. selective pressure on virus replication to select for drug-resistant mutants (Herrmann et «L. 
1977 Ann JVTAcarfSri 284:632-637). With increasing drag exposure, the selective 

pressureonth^^^ 



35 
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With the inevitable emergence of drug resistance, strategies must be designed to 
optimize treatment in the face of resistant virus populations. Ascertaining the contribution 
of drug resistance to drug failure is difficult because patients that are likely to develop drug 
resistance are also likely to have other factors that predispose them to a poor prognosis 
5 (Richman, 1994. AIDS Res Hum Retroviruses 10:901-905). In addition, each patient 
typically harbors a diverse mixture of mutant strains of the virus with different mutant 
strains having different susceptibilities to anti-viral drugs. 

The traditional tools available to assess anti-viral drug resistance are inadequate; the 
classical tests for determining the resistance of HIV to an anti-viral agent are complex, 
10 tmie-consuming, expensive, potential hazardous and not OT stom 

of a given patient See Barre-Sinoussi et al, 1983, Science 220:868-871; Popovic et al, 
1984, Science 224:497-500), and variations of it (see, e.g., Goedert et al, 1987, JAMA 
257:331-334; Allain et al., 1987, N. Engl J. Med. 317:1114-1121; Piatak et al, 1993, 
Science 259:1749-1754; Urdea, 1993, Gin. Chem. 39:725-726; Kellam and Larder, 1994, 
15 Antimicrobial Agents and Chemo. 38:23-30. 

Two general approaches are now used for measuring resistance to anti-viral drugs. 
The first, called phenotypic testing, directly measures the susceptibility of vims taken from 
an infected person's virus to particular anti-viral drugs. Petropoulos et aL, 2000, 
Antimicrob. Agents Chemother. 44:920-928 and Hertogs et al., 1998, Antimicrob Agents 
20 Chemother 42(2):269-76 provide a description of phenotypic assays in widespread use 
today. Gunthard etal, 1998, AIDS Res Hum Retroviruses 14:869-76 and Schuurmanet aL, 
1999,] am Microbiol. 37:2291-96 discuss currently prevalent genotypic assays. Krschtf 
al., 2000, JAMA 283:2417-26 provide a general analysis of the currenfly available assays for 

testing drug susceptibility. 

25 The second method, called genotypic testing, detects mutations in the virus that 

affect dmg susceptibility and can associate specific genetic mutations with drug resistance 
and drug failure. Genotypic testing examines virus taken from a patient, looking for the 
presence of specific genetic mutations that are associated with resistance to certain drugs. 
Genotypic testing has a few advantages over phenotypic testing, most notably the relative 

30 simplicity and speed with which the test can be performed. The testing can take as httle as a 
few days to complete, and because it is less complex, ft is somewhat cheaper to perform. 
However, interpretation of genotypic data is dependent on previous knowledge of the 
relationships between specific mutations and changes in drug susceptibility. 

Carrillo et al, 1998, J. Virol 72:7532-41 describe the in vitro selection and 

35 characterization of HTV-1 variants having reduced susceptibility to lopinavir. Nine different 
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mntarionsatSanmtoaetdp^ 

A subsequent study found 23 different mutations at 1 1 positions in the HIV protease that 
correlated with reduced in vitro susceptibility to lopinavir in plasma samples of HIV- 
infected patients who had been treated previously with at least one protease inhibitor ^ 

5 (Kempf et dL, 2001, J. Virol. 75:7462-69). A crude algorithm that attempted to correlate 
the phenotypic resistance to lopinavir with the number of mutations observed at the 1 1 
identified positions, and therefore to predict the effectiveness of lopinavir »^ 
postulated (Kempf al., 2000, Antiviral Therapy 5 (suppl. 3):70, abstract 89). According 
to the algorithm, a virus was suscer^bletotreatrr^twimlopmavir 

10 ^o^atthellidentifi^^^ 

11 positions was six or more, then the virus was predicted to be resistant to lopmavn- 

to date to use genotypic correlates of reduced susceptibility to predict the 
effectiveness of anti-viral drugs, especially drugs targeted against the ever-evolvmg HTV 
15 are.atbest.imperfect An algorithm that can more ac^y predict whether a gtvenan^ 
v^drugorcombinati^^ 

timemdmoneybyidenti^ f . 
admimsteredtothe patient More importanuy.it would improve the quahtyof hfeofthe 
patient by sparing him or her the trauma of treatment with potent toxins that result m no 
20 IpmveLntw^ 

an™accuratealg<m^^ 

txeatingaparticularpatient. Moreover, a genotype based assay can be faster and more cost 
effective Uumptenolypic assays. 

' ... -s- — *— ♦ toxins that result m 



no improvement in his or her HTV infection. 
35 p^^aeelf^ve^n^byp^c^^^l^^v^i™.! 
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respond to treatment with an anti-viral agent or combination of agents, thereby allowing an 
effective treatment regimen to be designed without subjecting the patient to unnecessary 
sideeffecte. Also,byav<ri(nngmeadirniu^ 
and money is saved. 

5 In another aspect, the present invention provides methods for determining the 

susceptibility of a virus to an anti-viral treatment, comprising detecting, in the viral genome 
or viral enzymes, the presence or absence of mutations associated with reduced 
susceptibility to the anti- viral treatment 

In another aspect, the present invention provides methods for determining the 
10 effectiveness of an anti-viral treatment of an individual infected with a virus, comprising 
detecting, in a sample from said individual, the presence or absence of mutations associated 
with reduced susceptibility to the anti-viral treatment 

The present invention also provides methods of monitoring the clinical progression 
of viral infection in individuals receiving an anti-viral treatment by detenrdning, as 
15 described above, the effectiveness of the same or a different anti-viral treatment 

In one embodiment the present invention provides nucleic acids and polypeptides 
comprising a mutation in the protease of a human immunodeficiency virus ("HIV") 
associated with reduced susceptibility to a protease inhibitor. Examples of protease 
inhibitors include, but are not limited to, saquinavir, ritonavir, indinavir, nelfinavir, 
20 amprenavirandlopinavir. In one mbodiment the protease inhibitor is lopinavir. 

m 0I1 e aspect the invention provides a method for determining whether a human 
immunodeficiency virus is likely to be resistant or susceptible to treatment with a protease 
inhibitor, cornprising: detecting, in saidHIV, the presence or absence of one or more of the 
HTV protease mutations listed in Table 7, assigning a weighting factor to each mutation as 
25 provided in Table 7, and adding said weighting factors to get a total score for said individual 
wherein said individual is likely to be resistant to treatment with said protease inhibitor rf 
said total score is equal to or greater thanacut-off score and said individual is likely to be 
susceptible to treatment with said protease inhibitor if said total score is less than said cut- 
off score . In one embodiment the cut-off score is 6. In another embodiment the cut-off 
30 score is 7. In another embodiment the cut-off score is 8. 

In another aspect the invention provides a method for determining whether a human 
immunodeficiency virus has an increased likelihood of having reduced susceptibility to 
treatment with a protease inhibitor, comprising: detecting, in said HIV, the presence or 
absence of one or more of the HTV protease mutations listed in Table 7; assigning a 
35 weighting factor to each mutation as provided in Table 7; and adding said weighting factors 



WO 03/070700 




PCT/US03/04362 



ta.**^ to*****.*-***"" ^^embodm**.* 
vMttKonisl. to embodiment, the cm-offscoteBS. 

15 another embodiment, the cut-off score is 8. 

46 4^50 54.55, 58.63. 66.73.74, 76.79, 82, 84«89of tomm^se^*"* 
25 v^2A,V82F.V82TorI84V. l^-^*^ - ^^*^ 

*> 74 76 79 82 84«89c>flh e .mto.eidseq»eW.^P^«« l > ,ht 

30 «- ra - 74 ' 7< ' W,ra,M "~ iItMl , U3F i33M.K43T.M46I.M46L.I50V. 
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of the amino acid sequence of said protease, with the proviso that said mutation is not V32I 
orI47V. In one embodiment, the mutation associated with reduced susceptibility to 
treatment with said protease inhibitor is selected from the group consisting of: L10F, F53L 
and A71L. 

5 In another embodiment, the mutation associated with reduced susceptibility to 

treatment with said protease inhibitor is selected fiom the group consisting of: K20I, M46V, 
I50L. I54A, I54M. I54S, L63T, V82S, I84A, I84L, L33F, 1331. L33V, E34D. E34K, E34Q, 
K43T, G48V, I50L, I50V, K55R, Q58E. G73C, G73T, T74A, T74P, T74S, L76V, F79A, 
P79D P79E,L89IandL89M. In another embodiment, the mutation is selected from the 
10 group consisting of: K20I, M46V, I50L, L63T, I84A, I84L, L33I, I33V. E34D, B34K, 
E34Q, isoV, I54M, G73C, T74A, T74P, L76V. P79A, P79D, P79E, L89I and L89M In 
another embodiment, the mutation is selected from the group consisting of: K20I.M46V, 
I50L, L63T, I84A I84L, L33I, L33V, B34D, E34K, E34Q, G73C, T74A, T74P. L76V, 
P79A, P79D, P79E, L89I and L89M. 
1 5 In another aspect, the invention provides a method for determining whether an 

individual infected with HIV has an increased likelihood of having a reduced susceptibility 
to treatment with a protease inhibitor, comprising detecting, in a sample from said 
individual, the presence or absence of a mutation associated with reduced susceptibility to 
treatment with said protease inhibitor at armno acid position 20, 33, 34, 43, 46, 48, 50, 54, 
20 55, 58, 63, 66, 73, 74, 76. 79, 82, 84 or 89 of the amino acid sequence of ^protease of the 
HTV wherein the presence of said mutation indicates that the individual has an increased 
likelihood tf tavtagreduced susceptibility to treatment with the protease inhibitor, with the 
proviso that said mutation is not K20M, K20R, M46T, M46L, I54L, I54T. I54V, L63P, 
V82A, V82F, V82T or I84V. In one enmcdiment, the mutation is detected in the protease 
25 0 fsaidfflv/lhanoth«emboa^^ 
that encodes the protease. 

m another embodiment, the mutation associated with reduced susceptibility to 
treatment with said protease inhibitor is at ainino acid position 20, 33, 34, 46. 50, 54, 63. 
66 73 74 76 79. 82. 84 or 89 of me ammo acid sequence of theproteaseof the HTV. with 
30 the proviso that said mutation is not K20M, K20R, L33F, 133U, K43T, M46I, M46L, 
ISOV, I54A, I54L, I54M, I54S, I54T, I54V, L63P, G73A, G73S, G73T, T74S. V82A. V82F. 

V82I, V82S, V82T or I84V. 

In another embodiment, the mutation associated with reduced susceptibility to 
treatment with said protease inhibitor is at amino acid position 10. 11, 32, 47, 53, 71 or 95 
35 ofthe amino acid sequence of theproteaseof me HTV, vdm the proviso mat said mutano^ 
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P79D P79E,L89IandL89M- & «H^«i«^'*»^»^*™ ,to 

I50UUOT.mA.Kk^U3I,U3V.B34D,E34K,E34aO73C.T74A.T7«>.L7< i V, 

P79A, P7MJ, P79B, L89I and L89M. 

fa mod*, embodtoeat, 4« tanan ta m »naddlciencyvm» B l» m «. 

15 inmoiuiddfcieK* virus type lCaN- 1 ")- ,«.__*■•« 
to ^^*-^o«p«o«id» m ^<*P««^«^" 

1 ^*«10»nd* 1 >u.40«l»M=.l»«g- banotaeubod^te 
35 p ^ iB ^dHWwi«id«P^^» 1 d m ^ ra .i.»o.K 2 0M.K20R,U3P.U3M. 
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K43T, M46I, M46L, I50V, I54A, I54L, I54M. K4S, I54T, I54V, L63P, G73A. G73S, G73T, 
T74S, V82A, V82F, V82I, V82S, V82TorI84V. The oligonucleotide can be between 
about ' 10 and about 100, between about 10 and about 90, between about 10 and about 80, 
between about 10 and about 70, between about 10 and about 60, between about 10 and 
5 about 50, between about 10 and about 40, between about 10 and about 30 or between 
about 10 and about 20 nucleotides long. 

In another embodiment, the isolated oligonucleotide encodes a protease in a HIV 
that comprises a mutation at codon 20, 33, 34, 43, 46, 48, 50, 54, 55, 58, 63, 66, 73, 74, 76, 
79, 82, 84 or 89, wherein the mutation is associated with reduced susceptibility to protease 
10 inhibitor, with the proviso that the codons do not encode M or R at position 20, 1 or L at 
position 46, L,TorVat position 54, Pat position 63, A, For Tat position 82orVat 
position84. The oligonucleotide can be between about 10 and about 100, between about 10 
and about 90, between about 10 and about 80. between about 10 and about 70, between 
about 10 and about 60, between about 10 and about 50, between about 10 and about 40, 
15 between about 10 and about 30 or between about 10 and about 20 nucleotides long. 

In another embodiment, the invention provides an isolated oligonucleotide encoding 
a protease in a HIV that comprises mutations at codon 20, 33, 34. 50, 54, 63, 66. 73, 74, 76. 
79, 82 or 89, wherein the mutation is associated with reduced susceptibility to a protease 
inhibitor, with the proviso that the codons do not encode M or R at position 20, F or M at 
20 position33.IorLatposition46.A.L.S,TorVatposition54,Patpo8ition63,SorTa^ 

position 73, S at position 74, A, F or T at position 82 or V at position 84. The 
oligonucleotide can be between about 10 and about 100, between about 10 and about 90, 
between about 10 and about 80, between about 10 and about 70, between about 10 and 
about 60. between about 10 and about 50, between about 10 and about 40, between about 10 
25 and about 30 or between about 10 and about 20 nucleotides long. 

m another embodiment, the invention provides a polypeptide that comprises residues 
MOofmeaimnoacidsequenceofSEQIDNO:l. In another embodiment, the polypeptide 
comprises residues 11-20 of the amino acid sequence of SEQ ID NO:l. In another 
enibodiment, the polypeptide comprises residues 21-30 of the amino acid sequence of SEQ 
30 ID NO:l. In another embodiment, the polypeptide comprises residues 31-40 of the amino 
acid sequence of SEQ ID NO:l. In another embodiment, the polypeptide comprises 
residues 41-50 of the amino acid sequence of SEQ ID NO: 1. In another embodiment, the 
polypeptide comprises residues 51^60 of the amino acid sequence of SEQ ID NO:l. m 
another embodiment, the polypeptide comprises residues 61-70 of the amino acid sequence 
35 of SEQIDNO:!. In another embodiment, the polypeptide comprises residues 71-80 of the 
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amino arid sequence of SEQ ID NO:l. In another embodiment, the polypeptide comprises 
residues 8 1-90 of the amino arid sequence of SEQ ID NO:l. In another embodiment, the 
polypeptide comprises residues 91-99 ofthe ammo add sequence of SEQ ID NO:l. 
In another embodiment, the polypeptide is at least 70%, but less than 100%, 

5 id^caltoapolypeptideha^^ 

embodiment, the polypeptide has an amino acid sequence that is at least 80% identical to 
the amino acid sequence of SEQ ID NO :l. In another embodiment, the V^^m 
amino arid sequence that is at least 90% identical to the amino acid sequence of SEQ ID 

NO" 1 * 
10 In one embodiment, the invention provides a method wherein the presence or 

absence of a mutation in a protease is detected by hybridization with a sequence-specific 
obgonucleotide probe to a nucleic arid sequence of human immunodeficiency virus 
encoding said mutation, wherein the occurrence of hybridization indicates said presence or 

absence of said mutation. 
15 another embodiment, the invention provides a method wherein the presence or 

absenceofamutationinapmtea^ 

In one embodiment, the individual is undergoing or has undergone prior treatment 

with said or different protease inhibitor. 

In one embodiment, the amino acid at position 20 of arid protease is an ammo acid 
20 having a neutral, hydrophobic or non-polar side chain. In another embodiment the annuo 
aridatpc«tion20ofsridproteasei 8 L In another embodiment, the amino acid at ^ 

position 33 of "^^"T^^li 
chain. manomerembodiment,the amino acid atposition33 of said protease. s I. F or V. In 

another embodiment, the amino arid at position 33 of said protease is I or V In another 

25 en*odiment, the amino arid at position 34 of said protease is an amino acul havmg a bas 1C , 

polarorhydrc^csidechain. In another embodiment, the amino arid at pos.Uon 34of 

an ami arid with a neutral, hydrophobic or non-polar side chain, m another enibodiment, 
the amino aridat position 46 of saidproteaseisV. In another embodiment, the amino acid 

30 atpositionSOofsaidprot^ 

^chain. *^**^*^**^ X «*^ U £2 
Manotherembomment,^^^ 

aneutraI,hvdropho W * * iTZZZZ 

35 ornon-polarsidechain. In another embodiment, the amino acid at portion 54 of sad 
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protease is A or M. In another embodiment, the amino acid at position 54 of said protease 
isM. foanomerembodunent,meamfo^ 

acid with a neatral, hydrophilic or polar side chain. In another embodiment, the amino acid 
atposition54ofsridpioteaseisS. In another embodiment, the amino acid at position 63 of 

5 said protease is an amino acid with a neutral, hydrophilic or polar side chain. In another 
embodiment, the amino acid at position 63 of said protease is T. m another embodiment, 
the amino acid at position 66 of said protease is an amino arid wim a neu^^ 
or non-polar side chain, m another embodiment, the amino arid at position 66 of said 
protease is F or V. In another embodiment, the amino acid at position 73 of said protease is 

10 an amino acid with a neutral, hydrophilic or polar side chain. In another embodiment, the 
amnoaddatposition73ofsridnioteaseisCorT. In another embodiment, the amino aad 
atposition73ofsridproteaseisC. m anomer enmodiment, the amino arid at position 74 
of said protease is an amino arid with a neutral, hydrophobic, non-polar, hydrophilic or 
polar side chain. In another embodiment, the amino arid at position 74 of said protease is 

15 anaimnoaridwimaneutral,hydrophobicornon-polarsidech^ m another embodiment, 
the amino arid at position 74 of said protease is A or P. In another embodiment, the ammo 
arid at position 74 of said protease is an amino acid with a neutral, hydrophilic or polar side 
chain. manomerembodiment,meaiimioaridat P osition7 

another embodiment, the amino acid at position 76 of said protease is an amino arid with a 

20 neutial,hydrophomcornon-polarsi(techain. In another embodiment, the amino acid at 
position 76 of said protease is V. In anomer embodiment, the amino arid at position 79 of 
said protease is an amino arid with a neutral, hydrophobic, non-polar, acidic, hydrophilic or 
polar side chain. In another embodiment, the amino arid at position 79 of srid protease is 
an amino acid withaneutral, hydrophobic or non-polar side chrin. m anomer embodiment, 

25 meaminoacidatposition79ofsaidproteaseisA m another embodiment, the amino acid 
at position 79 of said protease is an amino arid with an acidic, hydrophilic or polar side 
chain, m anomer mbodiment, me anmio arid at position 79 of said protease is D or K In 
another embodiment, the amino arid at position 82 of said protease is an amino arid with a 
neutral, hydrophilic or polar side chain, fa anomer embodiment, me amino arid at position 

30 82ofsaidproteaseisS. In another embodiment, the amino acid at position 84 of said 
protease is an amino acid with a neutral, hydrophobic or non-polar side chain. In anomer 
embodiment, the amino arid at position 84 of said protease is L. In another embodiment, 
the amino acid at position 89 of said protease is an amino acid with a neutral, hydrophobic 
or non-polar side chain. In another embodiment, the amino arid at position 89 of said 

35 proteaseisIorM. man.)mereinbodiment,meaminoacidatnositi<m43of said protease is 
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anardnoaridwithaneutral.hy^^^ In anotherembodm.en, 

the amfaK) add 31^43 of saidproteascisT. In another embodiment, the anu«> and 
at position 48 of said protease is an amino add with a r^tral, hydrophobic or non-polar 
silohain. In another embodiment, the amino add at position 48 of smd protease ,s V. hi 

> mC 4heremb«Bmer*.theam^ 

hade hydrophihe or polar ^ chain. In another embodiment, the amino aad at posrtmn 
ofJdproteaseisR. In another embodiment, the amino addatpo^onSSof smdprOte^ 
is an amino acid with an acidic, hydrophilic or polar side chain. In another embodmrent, the 
amino acid at position 58 of said protease is E. 

10 in another aspect, the inv^tio^ 

absence of a mutation associated with reduced susceptibility to treatment with said protease 
inhibiU.atatleastl.M, 5,6,7.8,9, 10,11, 12, 13,14, 15.16. 17 18or 19of theammo 
acid positions. In one embodiinent, the invention provides a method for detectmg the 
presence or absence of a mutation associated with reduced susceptibility to treatment wdh 

15 saidprote*seirmibi^ 

invention provides a memod for detecting me presence or ab^^^ 

W ith reduced susceptibility to treatment with said protease inhibitor at 3 or more ammo add 

positions. In another embodiment, the invention provides a method for detecting the 

presenceorabseneeofam^ 
20 said protease inhibitor at 4 or more amino acid positions. In another embodrment, the 

mvronprovidesamethodfordeteetingthepresenc^ 

withreduc^ 

positions. In another embodiment^^^^ 

presence or absence of a mutation associated with reduced susceptibility to treatment wdh 
25 saidnmtease inhibitor at6ormcn.amino acid position, In anomer embodiment, the 

^threduTsusceptibti^^ 

positions. In another embodiment, the invention provides a method for detechng the 
^er^absenceofamut^^^ 
30 said pmtease inhibitor at 8 or more amino acid positions. In another mbochment, the 

P08ltl0I m' another aspect, the invention provides a method for determining whether a HTV 
35 has an increased likelihood of having a reduced susceptibility to treatment with a first 
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protease inhibitor, comprising detecting in the protease of said HIV the presence or absence 
of a mutation associated with reduced susceptibility to treatment with a second protease 
inhibitor at amino acid position 10, 11, 32, 33, 34, 43, 46, 47, 48, 50, 54, 58, 71, 76, 79, 82, 
84 or 95 of the amino arid sequence of said protease, wherein the presence of said mutation 
5 indicates that the HIV has an increased likelihood of having reduced susceptibility to 
treatment with said first protease inhibitor, with the proviso that said mutation is not V32L 
M46X M46L, 147V, I50V, I54L, I54M, V82A, or I84V. In one embodiment, the first 
protease inhibitor is lopinavir or amprenavir. In another embodiment, the second protease 
inhibitor is lopinavir or amprenavir. 

10 In another aspect, the invention provides a method of determining whether an 

individual infected with HIV has an increased likelihood of having a reduced susceptibility 
to treatment with a first protease inhibitor, comprising detecting, in a sample from said 
individual, the presence or absence of a mutation associated with reduced susceptibility to 
treatment with a second protease inhibitor at amino acid position 10, 11, 32, 33, 34, 43, 4<S, 

15 47, 48, 50, 54, 58, 71, 76, 79, 82, 84 or 95 of the amino acid sequence of the protease of the 
HIV, wherein the presence of said mutation indicates that the individual has an increased 
likelihood of having reduced susceptibility to treatment with said first protease inhibitor, 
with the proviso that said mutation is not V32I, M46L M46L, 147 V, I50V, I54L, I54M, 
V82A,orI84V. In one embodiment, the fust protease inhibitor is lopinavir or amprenavir. 

20 fa another embodiment, the second protease inhibitor is lopinavir or amprenavir. 

4. mime VSESCBW ""^ <» THE FIGURES 

FIG. 1 is a magramrnatic representation of the genomic structure of fflV-1 . 
FIG. 2 is a scatter plot that shows the susceptibility to lopinavir (Log lopinavir fold 
25 change) of fflV samples obtained from a training data set with 2038 patients as a function 
of the number of the resistance-associated mutations in the protease. The genotypic "cutoff 
value" is 6, Le. , a HIV is defined as genotypically resistant to lopinavir if its total score is 6 
or greater and genotypically sensitive if its total score is less than 6. 

FIG. 3 is a scatter plot that shows the susceptibility to lopinavir (Log lopinavir fold 
30 change) of HTV samples as a function of the number of the resistance-associated mutations 
in the protease after the removal of samples containing mixtures of amino acids at any of 
the positions associated with reduced susceptibility to lopinavir. Those samples that 
contained both a wild-type and a mutant were excluded from the analysis. 



35 
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FIG 4isascatterplotthatahowsfcesus^ 
change) of HIV samples containing the mutation I50V in the protease as a function of the 
total number of the resistance-associated mutations in those samples. 

HO 5 is a scatter plot that shorn the susceptibility to lopinavir (Log lopinavir fold 
5 change) of HTV samples containing the mutations V82A.F, S, Tori in the protease as a 
function of the total number of the resistance^ssociated mutations in those samples. 

PIG 6 is a scatter plot that shows the susceptibility to lopinavir (Log lopinavir fold 
change) of HTV samples containing the mutations I54A.L, M, S, T or V in die protease as a 
function of the total number of the resistance-associated mutations in those samples. 
10 HG. 7 is a scatter pic* that shows the susceptibiUty to lopinavir (Log lopinavir fold 

change) of HTV samples as a function of the number of the resistance-associated mutaoons 
in the protease after the removal of samples without any primary mutations assocrated wrth 
protease inhibitors and without an IC* fold change ("FC") greater than two for any protease 

15 8is as<^erplotthatshowsmesusceptibffitytolopir^ 

change) of HTV samples as a function of the number of the resistance-associated rnutaoons 
in the protease after the removal of samples without any primary mutations associated w,th 
protease inhibitors and without an K, fold change ("PC") greater than two for any protease 

• inmmtorandtoemmovaltfsampte^ 

20 positions associated with reduced susceptibility to lopinavir. Only those samples that 
contained both, a wild-type or reference strain and a mutant were removed. 

PIG 9 is a scatter plot that show s the susceptibility to lopinavir (Log lopinavir fold 
change) of HIV samples containing the mutation I50V in the protease as a function of the 
total number of the resistance-associated mutations in those samples after the removal of 
25 samples without any primary mutations associated with protease inhibitors and without an 
IC* fold change ("FC") greater than two for any protease inhibitor. 

FIG lOisascatterplotlhatshowsth^ 
change) of HIV samples containing the mutations V82A,F,S,TorIinmeproteaseas a 
function of the total number of the resistance-associated mutations in those ^ 
30 the removal of samples without any primary mutations associated with protease mhibxto. 
and without an 1C, fold change ("FC") greater than two for any protease inhdntor. 

FIG nisascatterplotthatshowsthesus^^ 
change) of BttV samples containing the mutations I54A, L, M, S, T or V in die protease as a 
function of the total number of the resistance-associated mutations in those samples after 
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the removal of samples without any primary mutations associated with protease inhibitor 
and without an IC* fold change ('TO greater than two for any protease inhibitor. 

HG. 12A shows the amino acid sequence of the NL4-3 HIV (GenBank Accession 

No. AF324493) protease (SEQ. ID. NO: 1). 
5 HG. 12B shows the nucleic acid sequence for the NL4-3 HW (GenBank Accession 

No. AF324493) protease gene (SEQ. ID. NO: 2). 

HG. 13 shows the effect of the amino acid at position 82 on lopinavir fold change. 
The median (horizontal line), 25th and 75th percentile (box), 10th and 90th percentile 
(whiskers) and outliers (dots) are shown. 
10 H0 . 14 shows me effect of antino add at p^ 

median (horizontal line), 25th and 75th percentile (box), 10th and 90th percentile (whiskers) 

and outliers (dots) are shown. 

HG. l5isascatterplotthatshowsthesusc«ptibm 
change) of HIV samples obtained from a training data set with 2195 patients as a function 
15 of the number of the resistance-associated mutations in the protease. The genotypic "cutoff 
value" is 8, Le.\ a HTV is genotypically resistant to lopinavir if its total score is 8 or greater 
and genotypically sensitive if its total score is less than 8. 

HG. 16 is a scatter plot that shows the susceptibility to lopinavir (I>Jg lopinavir fold 
change) of HIV samples obtained from data set of 1099 samples as a function of the number 
20 of the resistance-associated mutations in the protease. The genotypic "cutoff value" is 7, 
Le., a HIV is genotypically resistant to lopinavir if its total score is 7 or greater and 
genotypically sensitive if its total score is less than 7. 

HG. 17 shows the effect of mutations associated in HIV with resistance to 
Amprenavir ("APV") on resistance to lopinavir. The median (horizontal tine), 25th and 
25 75th percentile (box), 10th and 90th percentile (whiskers) and outliers (dots) are shown. 

HG. 18 shows a bivariate scatter plot of lopinavir fold change ('log LPV") versus 



5 . TtRTAIT.ED DES fTrnTTON OF THE INVENTION . 

30 The present invention provides methods and compositions for developing an 

algorithm for determining the effectiveness of anti-viral drugs based on a comprehensive 
analysis of paired phenotypic and genotypic data guided by phenotypic clinical cut-offs. 
The present invention also provides methods for determining the susceptibility of a virus to 
an anti-viral treatment, methods for determining the effectiveness of an anti-viral treatment 

35 of an individual infected with a virus, and methods of monitoring the clinical progressron of 
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viral infection in individuals receiving anti-viral treatment In another aspect, the present 
invention also provides nucleic acids and polypeptides comprising a mutation in the 
protease of a human immunodeficiency virus ("HIV") associated with reduced susceptibility 
to protease inhibitors, e.g., lopinavir. 

5 

5.1 Abbreviations 

"LPV" is an abbreviation for the protease inhibitor lopinavir. 
«APV is an abbreviation for the protease inhibitor amprenavir. 

10 

"PT is an abbreviation for protease inhibitor. 

"PT_r" and "PT-S" are abbreviations for "phenotypically resistant" and 
"phenotypically sensitive," respectively. 

15 

"OT-R" and "GTS" are abbreviations for "genotypically resistant" and 
"genotypically sensitive," respectively. 

"PGR" is an abbreviation for "polymerase chain reaction." 

20 

"EC" is an abbreviation for 'fold change." 

The amino acid notations used herein for the twenty genetically encoded L-amino 
acids are conventional and are as follows: 
25 



35 



Amino Add 


One-Letter 
Abbreviation 


Three Letter 
AbbrevfeSoa 


Alanine 


A 


Ala 


Arginine 


R 


Arg 


Asparagjne 


N 


Asn 


Aspartic acid 


D 


Asp 


Cysteine 


C 


Cys 


Glutamine 


Q 


Gin 


Glutamic acid 


B 


Gin 


Glycine 


G 


cay 
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10 



15 





One-Letter 

A IJMwiilaUMi 


Three Letter 


Histidine 


XT 

a 


His 


feolearine 


1 


He 


Leucine 


f 
Is 


Leu 


Lysine 


At 


Lvs 


Methionine 


M 


Met 
met 


Phenylalanine 


F 


Phe 


Proline 


P 


Pro 


Serine 


S 


Ser 


Threonine 


T 


Thr 


Tryptophan 


W 


1* 


Tyrosine 


Y 


Tyr 




V 


Val 


Unless noted otherwise, when polypeptide sequences are 


presented as a series 



one-letter and/or three-letter abbreviations, the sequences are presented in the N -> C 
direction, in accordance with common practice. 

Individual amino acids in a sequence are represented herein as AN, wherein A is the 

20 standard one letter symbol for the amino acid in the sequence, and N is the position in the 
sequence. Mutations within an amino acid sequence are represented herein as A,NA„ 
wherein A, is the standard one letter symbol for the amino acid in the reference protein 
sequence, Aj is the standard one letter symbol for the amino acid in the mutated protein 
sequence, and N is the position in the amino acid sequence. For example, a G25M mutation 

25 represents a change from glycine to methionine at amino acid position 25. Mutations may 
also be represented herein as NA» wherein N is the position in the amino acid sequence and 
A, is the standard one letter symbol for the amino acid in the mutated protein sequence 
(e.g. , 25M for a change from the wild-type amino acid to methionine at amino acid 
position 25). Additionally, mutations may also be represented herein as A,N, wherein A, is 

30 the standard one letter symbol for the amino acid in the reference protein sequence and N is 
the position in the amino acid sequence (e.g. , G25 represents a change from glycine to any 
amino acid at amino acid position 25). This notation is typically used when the amino acid 
in the mutated protein sequence is either not known or, if the amino acid in the mutated 
protein sequence could be any amino acid, except that found in the reference protein 

35 sequence. The amino acid positions are numbered based on the full-length sequence of the 
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protein from which the region encompassing the mutation is derived Representations of 
nucleotides and point mutations in DNA sequences are analogous. 

The abbreviations used throughout the specification to refer to nucleic acids 
comprising specific nucleobase sequences are the conventional one-letter abbreviations. 
5 Thus, when included in a nucleic acid, the naturally occurring encoding nucleobases are 
abbreviated as follows: adeimie(A),guanme(G),cytosme(C),myim^ 
Unless specified otherwise, single-stranded nucleic acid sequences that are represented as a 
series of one-letter abbreviations, and the top strand of double-stranded sequences, are 
presented in the 5* -> 3* direction. 

10 

5.2 npfinitions 

As used herein, the following terms shall have the following meanings: 

Unless otherwise specified, >marv nation" refers to a mutation that affects the 

enzyme active site, ie. at those amino acid positions that are involved in the enzyme- 
15 substrate complex, or that reproducibly appears in an early round of replication when a virus 

is subject to the selective pressure of an anti-viral agent, or, that has a large effect on 

phenotypic susceptibility to an anti-viral agent. 

"^.nnHarv Mutation" refers to a mutation that is not a primary mutation and that 
20 contributes to reduced susceptibility or compensates for gross defects imposed by a primary 
mutation. 

A " F e.nntvi)ic assay" is a test that determines a genetic sequence of an organism, a 
part of an organism, a gene or a part of a gene. Such assays are frequently performed in 
25 HTV to establish whether certain mutations are associated with drug resistance are present 

As used herein, "gejioiypjejata" are data about the genotype of, for example, a 
virus. Examples of genotypic data include, but are not limited to, the nucleotide or ammo 
acid sequence of a virus, a part of a virus, a viral gene, a part of a viral gene, or the identity 
30 of one or more nucleotides or amino acid residues in a viral nucleic acid or protein. 

A "phenntvnic assay" is a test that measures the sensitivity of a virus (such as HTV) 
to a specific anti-viral agent. 

35 
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"Snsceptibilitv" refers to a virus' response to a particular drug. A virus that has 
decreased or reduced susceptibility to a drug has an increased resistance or decreased 
sensitivity to the drug. A virus that has increased or enhanced or greater susceptibility to a 
drag has an increased sensitivity or decreased resistance to the drug. 
5 isotypic susceptiWB^^ 

is practically useful to define a threshold or thresholds to simplify interpretation of a 
particular fold-<hange result. For drugs where sufficient clinical outcome data have been 
gathered, it is possible to define a "clinical cutoff value," as below. 

10 " gjnjeal Cutoff Value" refers to a specific point at which resistance begins and 

sensitivity ends. It is defined by the drug susceptibility level at which a patient's probability 
of treatment failure with a particular drug significantly increases. The cutoff value is 
different for different anti-viral agents, as determined in cUnical studies. Clinical cutoff 
values are determined in clinical trials by evaluating resistance and outcomes data. Drug 

15 susceptibility (phenotypic) is measured at treatment initiation. Treatment response, such as 
change in viral load, is monitored at predetermined time points through the course of the 
treatment. The drug susceptibility is correlated with treatment response and the clinical 
cutoff value is determined by resistance levels associated with treatment failure (statistical 
analysis of overall trial results). 

20 

TO," refers to Inhibitory Concentration. It is the concentration of drug in the 
patient's Wood or in vitro needed to suppress the reproduction of a disease-causing 
microorganism (such as HIV) by n %. Thus, refers to the concentration of an anti- 
viral agent at which virus rephcation is inhibited by 50% of the level observed in the 
25 absence of the drug. 'Tatient IC," refers to the drug concentration required to inhibit 
replication of the virus from a patient by 50% and "reference IC*" refers to the drug 
concentration required to inhibit rephcation of a reference or wild-type virus by 50%. 
Similarly, "*£*," refers to the concentration of an anti-viral agent at which 90% of virus 
replication is inhibited. 

30 

A "fold change" is anumeric comparison of the drug susceptibility of a patient virus 
andadrug-sensitive reference virus. His the ratio of the Patient IC^ to the drug-sensitive 
reference IQ* Lc, Patient ICyReference IC* = Fold Change ("FC"). A fold change of 1.0 
indicates that the patient virus exhibits the same degree of drug susceptibility as the 
35 drug-sensitive reference virus. A fold change less than 1 indicates the patient virus is more 
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sensitive than the drag-sensitive reference virus. A fold change greater than 1 indicates the 
patient virus is less susceptible than the drag-sensitive reference virus. A fold change equal 
to or greater than the clinical cutoff value means the patient virus has a lower probability of 
response to that drug. A fold change less than the clinical cutoff value means the patient 
virus is sensitive to that drug. 

«f n pi^vir Fold Change" refers to the ratio of the ICg, of lopinavir against the HIV 
from the patient plasma sample to the IC*, for lopinavir against the NL4-3 (GenBank 
Accession No. AF324493) reference viral strain. 

A virus is "sensitive" to lopinavir if it has a lopinavir fold change less than ten. 
A virus is "resistant" to lopinavir if it has a lopinavir fold change of 10 or more. 

15 A vir™ *"» an MteHhonH of having reduced susceptibility" to an anti- 

viral treatment if the virus has a property, for example, a mutation, that is correlated with a 
reduced susceptibility to the anti-viral treatment A property of a virus is correlated with a 
reduced susceptibility if a population of viruses having the property is, on average, less 
. susceptible to the anti-viral treatment than an otherwise similar population of viruses 
20 lacking the property. Thus, the correlation between the presence of the property and 
reduced susceptibility need not be absolute, nor is there a requirement that the property is 
necessary (i.e., that the property plays a causal role in reducing susceptibility) or sufficient 
(ie., that the presence of the property alone is sufficient) for conferring reduced 
susceptibility. 

25 

The term M g «*T »«n™ homology" is used interchangeably herein with the terms 
"atoPJsgx," "^^ce identity" and "%JdentiJEjr and refers to the level of amino acid 
sequence identity between two or more peptide sequences, when aligned using a sequence 
ahgnment program. For example, as used herein, 80% homology means the same thing as 

30 80% sequence identity determined by a defmed algorithm, and accordingly a homologue of 
a given sequence has greater than 80% sequence identity over a length of the given 
sequence. Exemplary levels of sequence identity include, but are not limited to, 60, 70, 80, 
85, 90, 95, 98% or more sequence identity to a given sequence. 

Exemplary computer programs which can be used to determine identity between two 

35 sequences include, but are not limited to, the suite of BLAST programs, eg., BLASTN, 
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BLASTX, and TBLASTX, BLASTP and TBLASTN, publicly available on the Internet at 
http^Avww.ncbi.iiliaiiih.gpv/BLAST/. See also Altschul et al, 1990, /. Mol Biol. 
215:403-10 (with special reference to the published default setting, i.e., parameters w=4, 
t=17) and Altschul et al, 1997, Nucleic Acids Res., 25:3389-3402. Sequence searches are 

5 typically carried out using the BLASTP program when evaluating a given amino acid 
sequence relative to amino acid sequences in the GenBank Protein Sequences and other 
public databases. The BLASTX program is preferred for searching nucleic acid sequences 
that have been translated in all reading frames against amino acid sequences in the GenBank 
Protein Sequences and other public databases. Both BLASTP and BLASTX are run using 

10 default parameters of an open gap penalty of 1 1 .0, and an extended gap penalty of 1 .0, and 
utilize the BLOSUM-62 matrix. See Altschul, et al., 1997. 

A preferred alignment of selected sequences in order to determine "% identity" 
between two or more sequences, is performed using for example, the CLTJSTAL-W 
program in MacVector version 6.5, operated with default parameters, including an open gap 

15 penalty of 10.0, an extended gap penalty of 0.1, and aBLOSTJM 30 similarity matrix. 

"Polar Amino Add" refers to a hydrophilic amino acid having a side chain that is 
uncharged at physiological pH, but which has at least one bond in which the pair of 
electrons shared in common by two atoms is held more closely by one of the atoms. 
20 Genetically encoded polar amino acids include Asn (N), Gin (Q) Ser (S) andYThr (T). 

'■No. pnlar Amino Acid" refers to a hydrophobic amino acid having a side Chain that 
is uncharged at physiological pH and which has bonds in which the pair of electrons shared 
in common by two atoms is generally held equally by each of the two atoms (Le., the side 
25 chain is not polar). Genetically encoded apolar amino acids include Ala (A), Gly (G), Be 
(I), Leu (L), Met (M) and Val (V) . 

"WyH^phi iir Amino Acid" refers to an amino acid exhibiting a hydrophobicity of 
less than zero according to the normalized consensus hydrophobicity scale of Eisenberg et 
30 a., 1984, J. Mol. Biol. 179:125-142. Genetically encoded hydrophilic amino adds include 
Arg <R), Asn (N), Asp (D), Glu (E), Gin (Q), His (H), Lys (K), Ser (S) and Thr (T). 

"H vrtmphohic Amino Acid" refers to an amino acid exhibiting a hydrophobicity of 
greater than zero according to the nornwlized consensus hydrophobicity scale of Eisenberg 
35 et al, 1984. J. Mol. Biol. 179:125-142. Genetically encoded hydrophobic amino acids 
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include Ala (A), Gly (G), lie (I), Leo (L), Met (M)> Phe (F), Pro (P), Trp (W), Tyr (Y) and 
Val(V). 

-Acirf^ Amino Acid" refers to a hydrophffic aniino acid having a side chain pK 
5 value of less than7. Acidicamino acids typically have negativdy charged side cnains at 
physiological pH due to loss of a hydrogen ion. Genetically encoded acidic amino acids 
include Asp (D) and Glu (E). 

"Basic Amino Acid" refers to a hydrophihc amino acid having a side chain pK value 
10 of greater than7. Basic amino acids tytncaflylmveporitivelycliargedsidecliainsat 

physiological pHdrie to association vnmliydronium ion. Genetically eroded basic amino 
acids include Arg (R), His (H) and Lys (K). 

A "mutation" is a change in an amino acid sequence or in a corresponding nucleic 
15 acid sequence relative to a reference nucleic acid or protein. For embodiments of the 
invention comprising HTV protease, the reference protease is the protease present in NL4-3 
HIV (GenBank Accession No. AF324493). Although the amino acid sequence of a peptide 
can be determined directly by, for example, Edman degradation or mass spectroscopy, more 
typically, the amino sequence of a peptide is inferred from the nucleotide sequence of a 
20 nucleic add that encodes the peptide. Any method for determining the sequenceofa 
nucleic acid known in the art can be used, for example, Maxam-Gilbert sequencing (Maxam 
et at, 1980, Methods in Enzymology 65:499), dideoxy sequencing (Sanger rtal, 1977, 
Proc. Natl. Acad. ScLUSA 74:5463) or hybridization-based approaches (see e.g., Maniabs 
etaL, 1989, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, 
25 NY and Ausubel et at, 1989, Current Protocols in Molecular Biology, Greene Publishing 
Associates and Wiley Interscience, NY). 

A ^^-^^Tnntation" ("RAM") in a virus is a mutation correlated with 
reduced susceptibility of the virus to anti-viral agents. A RAM can be found in several 
30 viruses, including, but not limited to a human immunodeficiency virus ("HIV"). Such 
mutations can be found in one or more of the viral proteins, for example, in the protease, 
integrase, envelope or reverse transcriptase of HTV. A RAM is defined relative to a 
reference strain. For embodiments of the invention comprising HIV protease, the reference 
protease is the protease present in NL4-3 HIV (GenBank Accession No. AF324493). 

35 
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A "mutant" is a virus, gene or protein having a sequence that has one or more 
changes relative to a reference virus, gene or protein. 

The terms "peptide," "poly peptide" and '-protein" are used interchangeably 



The terms "reference" and "wild-type" are used interchangeably throughout. 

The terms "polynucleotide, " "nlipnnucleotide" and "nucleic acid" are used 
10 interchangeably throughout 

The term "about" refers to numbers 10% above or 10% below the number it is 
modifying. In instances where the number must be an integer, for example, nucleic acid 
length or amino acid length) if the resulting number is not an integer, then it is rounded up 
15 or rounded down to the nearest integer greater than zero. 



53 Rg^nCfeAffiggafeg Mutations 

The present invention provides nucleic acids and polypeptides comprising a 
mutation in the protease of fflV. Preferably, the HTV is human immunodeficiency virus 
20 type 1 ("HTV-1"). The HTV can also, for example, be human immunodeficiency virus 
type 2 ("HTV-2"). In one embodiment, the mutation is associated with reduced 
susceptibility to a protease inhibitor. In another embodiment, the mutation is associated 
with increased susceptibility to a protease inhibitor. The protease inhibitor can be any 
protease inhibitor known to one of skill in the art. Examples of protease inhibitors mclnde, 
25 but are not limited to, saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and lopinavir. 
In one embodiment, the protease inhibitor is lopinavir. 

In on e aspect, the present invention provides peptides, polypeptides or proteins 
comprising a mutation in the protease of HIV associated with either reduced or increased 
susceptibffitytoaprotea^ <«* embodiment, the invention 

30 provides a polypeptide derived from the HTV protease and comprising a mutation associated 
with reduced susceptibility to a protease inhibitor. In another embodiment, the polypeptide 
comprises more than one mutation associated with reduced susceptibility to a protease 
inhibitor. In another embodiment, the polypeptide comprises a mutation associated with 
increased susceptibility to a protease inhibitor. In another embodiment, the polypeptide 
35 comprises more than one mutation associated with increased susceptibility to a protease 
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inhibitor. Polypeptides of the invention include peptides, polypeptides and proteins that are 
modified or derived from these polypeptides. In one embodiment, the polypeptide 



Ini 

comprises one or more amino acid analogs. 
5 In one embodiment, the polypeptide comprises one or more mutations associated 

with reduced susceptibility to lopinavir. Table 1 provides a list of mutations associated with 
reduced susceptibility to lopinavir. The amino acid or nucleic acid positions referred to 
throughout the document, refer to the protease amino acid or nucleic acid positions m SEQ 
ID NO: 1 or SEQ ID NO: 2, respectively, or to the cotregxmding positions in other viruses, 
10 for example, those with additions or deletions in the protease and the gene that encodes the 
protease relative to the sequences in SEQ ID NO: 1 or SEQ ID NO: 2. 

In another embodiment, the invention provides a polypeptide derived from the HIV 
protease and comprising a mutation selected from a group of mutations consisting of: K20I, 
M46V I50L, I54A, I54M, IMS, L63T, V82S , I84A, B4L, L33F, 1331. L33V, E34D, E34K, 
15 E34Q, K43T, G48V, I50V. K55R, Q58E, G73C, G73T, T74A, T74P, T74S, L76V, P79A, 
P79D P79E L89IandL89M. In another embodiment, the mutation is selected from the 
^'consisting of:^ 

K5R,Q58E,G73C,GmT74A,T74P,T74S,L76T,F79A,P79D,P79E,L«9Iand 
L89M In another embodiment, the mutation is selected from the group consisting of: K20I, 
20 M46V, I54M, L63T, V82S, I84A, I84L, L33I, U33V, E34D, E34K, E34Q, I50L, I50V, 
G73C T74A, T74P, L76V, P79A. P79D, P79E, L89I and L89M. In another embodiment, 
the mutation is selected from the group consisting of: L33I, L33V, E34D, E34K, E34Q, 
I50L, I50V, G73C. T74A, T74P, L76V, P79A, P79D, P79E, L89I and 09M. In another 
embodiment, the mutation is selected from the group consisting of: K20L E34D, E34K, 
25 E34Q B0L,I50V,L63T.L76V,P79A,P79D,P79E,L89IandL89M. In another 

embodiment, the mutation is selected from the group consisting of: E34D, E34K, E34Q, 
I50U I50V, L76V, P79A, P79D, P79E, L89I andL89M. 

In one embodiment, the polypeptide has the amino acid sequence of SEQ ID NO: 1, 
except that the sequence differs from that of SEQ ID NO: 1 in that it contains at least one 
30 mutation associated with either reduced or increased susceptibility to a protease irdubitor 
e.g., lopinavir. In other embodiments, such a polypeptide includes atleastS, 10, 15, 20,25, 
30 40,50,«),70,80,85.90or95contiguousaminoacidsofSEQIDNO: 1. 

In another embodiment, such a polypeptide comprises residues 1-10 of the ammo 
acid sequence of SEQ ID NO: 1 . In another embodiment, the polypeptide comprises 
35 resicluesll^oftheannnoaddsequenceofSEQIDNO:!. m another embodiment, the 
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polypeptide comprises residues 21-30 of the amino acid sequence of SEQ ID NO:l. la 
another embodiment, the polypeptide comprises residues 3 1-40 of the amino acid sequence 
of SEQ ID NO:l. In another embodiment, the polypeptide comprises residues 41-50 of the 
amino acid sequence of SEQ ID NOtl. In another embodiment, the polypeptide comprises 

5 residues 51-60 of the amino acid sequence of SEQ ID NOtl. In another embodiment, the 
polypeptide comprises residues 61-70 of the amino acid sequence of SEQ ID NO:l. In 
another embodiment, the polypeptide comprises residues 71-80 of the amino acid sequence 
of SEQ ID NO:l. In another embodiment, the polypeptide comprises residues 81-90 of the 
amino acid sequence of SEQ ID NO:l. In another embodiment, the polypeptide comprises 

10 residues 91-99 of the amino acid sequence of SEQ ID NO:l. 

In another embodiment, the polypeptide is at least 70%, but less man 100%, 
identical to a polypeptide having the amino acid sequence of SEQ ID NO:l. m another 
embodiment, the polypeptide has an amino acid sequence that is greater man 80% identical 
to the amino acid sequence of SEQ ID NO: 1. In another embodiment, the polypeptide has 

15 an amino acid sequence that is greater than 90% identical to the amino acid sequence of 
SEQIDNOil. 

To determine the percent identity of two amino acid sequences or of two nucleic 
acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be 
introduced in the sequence of a first amino acrid or nucleic acid sequence for optimal 

20 alignment with a second amino or nucleic acid sequence). The amino acid residues or 
nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid 
residue or nucleotide as the corresponding position in the second sequence, then the 
molecules are identical at that position. The percent identity between the two sequences is a 

25 function of the number of identical positions shared by the sequences (% identity = # of 
identical positions/total # of positions (e.g„ overlapping positions) x 100). In one 
embodiment, the two sequences are the same length. 

The determination of percent identity between two sequences can be accomplished 
using a mamematicai algorithm. A preferred, nra-limiting example of a mathematical 

30 algorithm utilized for the comparison of two sequences is the algorithm of Karlin and 
Altschul (1990) Proc Natl. Acad. Set. USA 87:2264-2268, modified as in Karlin and 
Altschul (1993) Proc Natl Acad. ScL USA 90:5873-5877. Such an algorithm is 
incorporated into the NBLAST and XBLAST programs of Altschul, et al. (1990) J. Mol 
Biol 215:403-410. BLAST nucleotide searches can be performed with the NBLAST 

35 program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous to a 
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nucleic acid molecules of the invention. BLAST protein searches can be performed wrth 
the XBLAST program, score = 50, wordlength = 3 to obtain arnino acid sequences 
homologous to a protein molecules of the invention. To obtain gapped ^nts f or 

NuddcAcidsEes. 25:3389-3402. Alternatively, PSI-Blast can be used to perform an 
iterated search that detects distant relationships between molecules. Id. Whenjnrfmng 
BLAST, Gapped BLAST, and PSI-Blast programs, the default parameters of the respective 
programs (eg.. XBLAST and NBLAST) can be used. S^http^/ww^bLnlm^gov. 
Another preferred, non-limiting example of a mathematical algorithm atxhzed for tire 

1 . ~t . z,,^,;^ 2.0) that is part of the lajv. 



algorithm is incorporaxea uiio u*c — > 

. . r annlvsiR flffi KnOWll 111 tale 



ammo acia sequent, » * ™« — - — °~ , . , . tttA 

gap penalty of4can be used, Additional algorithms for sequence analyse am lorown m the 

15 a^LincludeADVANO^ 

C^mp*. An* BioscL, 10:3-5; and FAST A described in Pearson and ypman (1988)^ 

and speed of the search. If ktup=2, similar regions in the two sequences bemg compared are 
. foundbvlc^ldngat^ 

20 examined, ktup can be set to 2 or 1 for protein sequences, or from 1 to 6 forDNA 
sequences. The default if ktup is not specified is 2 for proteins and 6 for DNA 

The percent identity between two sequences can be determined usmg techniques 
sinmar to those described above, with or without allowing gaps. In calculating percent 
identity, typically exact matches are counted. 

25 fcan ota«>b<»^«»P^i»^I^ . 

MK «^Utytoapic«easei!ihIbitor,«.8..1opinavir. 



35 rt,-tat»tM- » n ^,«^^moteato»«*«tf°'»«'« 
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hybridization probes, FCR primers or sequencing primers for identifying, analyzing, 
mutating or amplifying the nucleic acids of the invention. 

In one embodiment, the nucleic acid encodes a polypeptide conmrismg a mutation in 
the protease of HTV associated with either reduced or increased susceptibility to a protease 
5 inhibitor, e.g., lopinavir. In one embodiment, the invention provides a nucleic acid 
encoding a polypeptide derived from the HIV protease and comprising one or more 
mutations associated with reduced susceptibility to a protease inhibitor. In another 
embodiment, the nucleic acid encodes a polypeptide that comprises one or more mutations 
associated with increased susceptibility to a protease inhibitor. Nucleic acids of the 

10 inventionincludenucldc^ 

derived from these nucleic acid sequences. In one embodiment, the nucleic acid comprises 

nucleic acid analogs. 

In one embodiment, the nucleic acid can be the length of an HIV genome, i.e., about 
9200 nucleotides. In another embodiment, the nucleic acid can be about the length of a HTV 
15 piotearecodmg sequence^ ^ mother embodiments, the nucleic 

acid can correspond to a fragment of a HTV genome or a fragment of a fflV protease coding 
sequence. For example, the nucleic acid can be about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40. 45, 50, 55, 
60, 65, 70, 75, 80, 85, 90, 100, 110, 120, 125, 150, 175, 200, 250 or 300 nucleotides in 
20 length. Altenmtively.thenuclricaa^ 

475 or 500 nucleotides in length. The nucleic acid can be, for example, less than 3, 4, 5, 6, 
7, 8, 9, 10, 11. 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23. 24, 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 75, 80. 85. 90. 100, 110, 120, 125, 
150 175, 200, 250, 300, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575. 600, 650, 700, 
25 750, 800, 850, 900, 950, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 
2000,2500, 3000, 3500, 4000, 4500, 5000. 5500. 6000. 6500, 7000, 7500, 8000. 8500 or 
9000 nucleotides in length. In a preferred embodiment, the nucleic acid has a length and a 
sequence suitable for detecting a mutation described herein, for example, as a probe or a 
primer. 

30 m one embodiment, the nucleic acid encodes a polypeptide that comprises one or 

more mutations associated with reduced susceptibility to lopinavir. Table 1 provides a list 
of mutations associated with reduced susceptibility to lopinavir. 

hi another embodiment, the invention provides a nucleic acid encoding a 
polypeptide derived from the HTV protease and comprising a mutation selected from a 

35 group of mutations consisting of: K20I, M46V. I54A. I54M, I54S. I/53T, V82S. I84A. I84L. 
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U3F,U3I,L33V,E34D,E34K,E34Q.K4 OT ,<M8V,I5^I50V.K55R,Q58E,G73C, 
G73T, T74A, T74P, T74S, L76V, P79A, P79D, P79B, LS9I and L89M. m another 
embodiment, the mutation is selected from the group consisting of: L33F, 1331, L33V, 
E34DE34K,E34Q,K43T.G48V,K(H,I50V,K55R,Q5 8 E.G73C,O73T.T74A,T74P, 

5 T74S, L76V, P79A, P79D, P79E, L89I and L89M. In another embodiment, the mutton * 
selected from the group consisting of. K20I, M46V, I54M, L*3T, V82S, I84A, I84L, L33I, 
L33V E34D, E34K, E34Q, I50L, I50V, G73C T74A, T74P, L76V, P79A, F79D, P79E, 
L89IandL89M. In another embodiment, the mutation is selected from the group consisting 
of. L33I, L33V, B34D, E34K, E34Q, I50L, I50V, G73C, T74A, T74P, L76V, P79A, P79D, 

10 P79E L89IandL89M. In another embodiment, the mutation is selected from the group 
consistmgof:™^ 

L89IandL89M. m another embodiment, the mutation is selected from the group consisting 
of: E34D, E34K, E34Q, I50L, I50V, L76V, P79A, P79D, P79E, LS9I and LS9M. 

m another embodiment, the ohgonucleotide has the nucleic arid sequence of SEQ 
15 ID NO: 2, except that the sequence differs from that of SEQ ID NO: 2 in that it encodes at 
least one mutation associated with either reduced or increased susceptibility to a protease 
inhibitor.^.lopinavir. In other embodiments, such an ohgonucleotide includes at least 
10,11,12,13,14,15,^^ 

50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 150, 180, 210, 240, 255, 270 or 285 
20 contiguous nucleic acids of SEQ ID NO: 2. \ 

In another embodiment, such an ohgonucleotide comprises residues 1-30 of the 
nooldcacidsequenceofSEQIDNOa In another embodiment, the ohgonucleotide 

con,prises residues 31^ ^f" _ 

embodiment, the ohgonucleotide comprises residues 61-90 of the nucleic acid sequence of 

25 SE QIDNO:2.Inantfheremb«fc^t^^ 

the nucleic acid sequence of SEQ ID NO:2. In another embodiment, the oligonucleotide 
comprises residues 121-150 ofmenucldc add sequence of SEQ ID NO:2. In another 
emb^nt^eohgonud^^ 

ofSEQIDNO:2. In another embodiment, the ohgonucleotide comprises residues 181-210 
30 of the nucleic acid sequence of SEQ ID NO:2. In another emb<xhment, me ohgonucleotide 
comprises residues 211-240 of the nucleic add sequence of SEQ ID NO:2. In another 
embodiment, the ohgonucleotide conmnsesreddues 241-270 of ^ 
ofSEQIDNO:2. In another embodiment, the ohgonucleotide comprises res,dues 271-297 
of thenucldc acid sequence of SEQ ID NO:2. 
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In another embodiment, the oligonucleotide is at least 60%, but less than 100%, 
identical to an oligonucleotide having the nucleic acid sequence of SEQ ID NO:2. In 
another embodiment, the oligonucleotide has an nucleic acid sequence that is greater than 
70% identical to the nucleic acid sequence of SEQ ID NO .2. m another enibodiment, the 

5 oligonucleotide has an nucleic acid sequence that is greater than 80% identical to the 

nucleic acid sequence of SEQ ID NO:2. In another embodiment, the oligonucleotide has an 
nucleic acid sequence that is greater than 90% identical to the nucleic acid sequence of SEQ 
ID NO:2. The percent identity of two nucleic acid sequences can be determined as 
described above. 

10 fa addition to the nucleotide sequel 

those skilled in the art that DNA sequence polymorphisms that lead to changes in the amino 
acid sequence may exist within a population (e.g., the human population). Such genetic 
polymorphisms may exist among individuals within a population due to natural allelic 
variation. Natural allelic variations can typically result in 1-5% variance in the nucleotide 

15 sequence of a given gene. Any and all such nucleotide variations and resulting amino acid 
variations or polymorphisms that are the result of natural allelic variation and that do not 
alter the functional activity are intended to be within the scope of the invention. 

In another embodiment, the present invention provides nucleic acid molecules that 
are suitable for use as primers or hybridization probes for the detection of nucleic acid 

20 sequences of the invention. A nucleic acid molecule of the invention can comprise only a 
portion of a nucleic acid sequence encoding a full length polypeptide of the invention for 
example, a fragment that can be used as a probe or primer or a fragment encoding a 
biologicaUya^veportionofapolyi^deofmeinvention. The probe can comprise a 
labeled group attached thereto, e.g., a radioisotope, a fluorescent compound, an enzyme, or 

25 an enzyme co-factor. In various embodiments, the nucleic acid molecules of the invention 
can be modified at the base moiety, sugar moiety or phosphate backbone. 

5.4 Ejpdjng Time R«istance-A«""-i»««t Viral Mutations 
In another aspect, the present invention provides methods for finding resistance- 
30 associated mutation in a virus or a derivative of the vims. 

5.4.1 Th« VifiM and Viral Samples 
A resistance-associated mutation ("RAM") according to the present invention can be 
present in any type of virus, for example, any virus found in animals. In one embodiment of 
35 the invention, the virus includes viruses known to infect mammals, including dogs, cats, 
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horses, sheep, cows *c. In a preferred embodiment, the virus is known to mfect rmmates 
In an even more preferred embodiment the virus is known to infect humans. Examples of 
hnman viruses include, but are not limited to, human immunodeficiency vims ("HTV), 
herpes simplex virus, cytomegalovirus virus, varicella zoster vims, other human hemes 
5 viruses, influenza A virus, respiratory syncytial vims, hepatitis A, B and C viruses, 
rhinoviru., and human papdlonm virus. In one embodiment of the invention, me virusxs 
HIV Preferably, the vims is human immunodeficiency vims type 1 CHDf-1 *)• The HIV 
can also, for example, be human immunodeficiency virus type 2 C»HlV-2"). Theforegomg 
are representative of certain viruses for which mere is presently available anti-viral 
10 chemotherapy and represent the viral families retmviridae, herpesviridae, orthomyxovmdae, 
parvovirus, picomavirus, flavivirus, pneumovirus and hepadnaviridae. This invention 
can be used with other viral infections due to other viruses within these families as well as 
viral infections arising from viruses in other viral families for which there is or there is not a 

currently available therapy. 
15 A RAM according to the present invention can be found in a viral sample obtained 

by any means known in the art for obtaining viral samples. Such methods include, but are 
not lifted to. obta^ 

obtaining a viral sample from a viral culture. In one embodiment, the viral sample is 
obtained from a human individual infected with the vims. The viral sample could be 
20 obtained from any part of the infected individual's body or any secretion expected to 
contain the vims. Examples of such parts include, but are not limited to blood, serum, 
plasma, sputum, lymphatic fluid, semen, vaginal mucus and samples of other bodily flmds. 
In one embodiment, the sample is a blood, serum or plasma sample. 

In another embodiment, a RAM according to the present invention is present m a 
25 vims that can be obtained from a culture. In some embodiments, the culture can be 
obtained from a laboratory. In other embodiments, the culture can be obtained from a 
collection, for example, the American Type Culture Collection. 

In certain embodiments, a RAM according to the present invention is present m a 
derivativeof avims. In one embodiment, the derivative of the virus is not itself pathogenic. 
30 m another embodiment, the derivative of the vims is a plasrmd^ system, wherem 
repbamonofmeplasn^^ 

presence or absence of the selective pressure, such that mutations are selected that increase 
resistance to the selective pressure. In some embodiments, the derivative of the virus 
comprises the nucleic acids or proteins of interest, for example, those nucleic acids or 
35 proteins to be targeted by an anti-viral treatment In one embodiment, the genes of mterest 
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can be incorporated into a vector. See, e.g., U.S. Patent Numbers 5,837,464 and 6,242,187 
and PCT publication, WO 99/67427, each of which is incorporated herein by reference. In a 
preferred embodiment, the genes can be those that encode for a protease or reverse 
transcriptase. 

5 In another embodiment, the intact vims need not be used. Instead, apart of the virus 

incorporated into a vector can be used. Preferably that part of the virus is used that is 

targeted by an anti-viral drug. 

In another embodiment, a RAM according to the present invention is present in a 
genetically modified virus. The virus can be genetically modified using any method known 
10 in the art for genetically modifying a virus. For example, the virus can be grown for a 
desired number of generations in a laboratory culture. In one embodiment, no selective 
pressure is applied (i.e., the virus is not subjected to a treatment that favors the replication 
of viruses with certain characteristics), and new mutations accumulate through random 
genetic drift In another embodiment, a selective pressure is applied to the virus as it is 
15 grown in culture (».«., the virus is grown under conditions that favor the replication of 
viruses having one or more characteristics). In one embodiment, the selective pressure is an 
anti-viral treatment Any known anti-viral treatment can be used as the selective pressure. 
In one embodiment the virus is HTV and the selective pressure is a protease inhibitor. In 
another embodiment the virus is HIV-1 and the selective pressure is a protease inhibitor. 
20 Any protease inhibitor can be used to apply the selective pressure. Examples of protease 
inhibitors include, but are not limited to, saquinavir, ritonavir, mdinavir, nelfinavir, 
amprenavir and lopinavir. In one embodiment the protease inhibitor is selected from a 
group consisting of saquinavir, ritonavir, mdinavir, nelfinavir, amprenavir and lopinavir. In 
another embodiment, the protease inhibitor is lopinavir. By treating HTV cultured in vitro 
25 with a protease inhibitor, e.g., lopinavir, one can select for mutant strains of HTV that have 
an increased resistance to amprenavir. The stringency of the selective pressure can be 
manipulated to increase or decrease the survival of viruses not having the selected-for 
characteristic. 

In another aspect a RAM according to the present invention is made by 
30 mutagenizing a virus, a viral genome, or a part of a viral genome. Any method of 
mutagenesis known in the art can be used for this purpose. In one embodiment, the 
mutagenesis is essentially random. In another embodiment the essentially random 
mutagenesis is performed by exposing the virus, viral genome or part of the viral genome to 
a mutagenic treatment In another embodiment, a gene that encodes a viral protein that is 
35 the target of an anti-viral therapy is mutagenized. Examples of essentially random 
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m utagenic treatments include, for example, exposure to mutagenic substances (^.. 
etrndinmbrormd^el^^ 

ultraviolet light), the iraertion and/or removal of fcansposable elements (*g., 
repHcationina^ 

Russell, W., 1982, Environmental Mutagens and Carcinogens: Proceedings of the Thrrd 
International Conference on Environmental Mutagens. One of skill in the art will 
appreciate that while each of these methods of mutagenesis is essentially random, at a 
molecular level, each has its own preferred targets. 
10 In another aspect, a mutation that might affect the sensitivity of a virus to an anU- 

viral therapy is made using srte^fuected mutagenesis. My method of dtejrrecte4 

1989, Current Protocols in Molecular Biol 0g y, Greene Publishing Asscxnates and Wdey 
15 luterscience, NY). The site directed mutagenesis can be directed to, e. g , a ^ 
or genomic region, a particular part of a gene or genomic region, or one or a few partrcular 
nucleotides within a gene or genomic region. In one embodiment, the site drrected 
mutagenesis is directed to a viral genomic region, gene, gene fragment, or ^ 
. on one or more criteria. In one embodirnent, a gene or a portion of a 

20 ate-totedmut^^ 

target of an anti-viral therapy, ,g. , the gene encoding the HTV protease. ^ another 

eXfa^apor^ofa^ 

site-directed mutagenesis. In one embodiment, the nucleotides to be mutagenrzed encode 
a^oaddresiduesthatarolcn^ 
25 anotheremfe^dirn^ 

viral treatment. In another embodiment, the mutagenized nucleotides encode ammo and 

orsuapectedtoirrteractwithananti-v^ 
30 viral strains tavingd^ 
embodhnent,then^n^^^ 

suspected to interact with an anti-viral compound or known or suspected to be mutated 
viral strains having decreased susceptibility to an anti-viral treatment In another 
35 .t^ + mm*-^^**^*" 9 ** 
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site of a protein that is known or suspected to bind to an anti-viral compound See, e.g., 
Sarkar and Sommer, 1990, Biotechniques, 8:404-407. 

5.4.2 tetfBg fefi P"*"" 1 ™ " r Absence of Mutations In ft Virus 

5 The presence or absence of a RAM according to the present invention in a virus can 

be detected by any means known in the art for detecting a mutation. The mutation can be 
detected in the viral gene that encodes a particular protein, or in the protein itself, Le., in the 
amino acid sequence of the protein. 

In one embodiment, the mutation is in the viral genome. Such a mutation can be in, 

10 for example, a gene encoding a viral protein, in a cis or trans acting regulatory sequence of 
a gene encoding a viral protein, an intergenic sequence, or an intron sequence. The 
mutation can affect any aspect of the structure, function, replication or environment of the 
vims that changes its susceptibility to an anti-viral treatment In one embodiment, the 
mutation is in a gene encoding a viral protein that is the target of an anti-viral treatment 

15 A mutation within a viral gene can be detected by utilizing a number of techniques. 

Viral DNA or RNA can be used as the starting point for such assay techniques, and may be 
isolated according to standard procedures which are well known to those of skill in the art. 

Viral DNA or RNA may be used in hybridization or amplification assays to detect 
abnormalities involving gene structure, including point mutations, insertions, deletions and 

20 genomic rearrangements. Such assays may include, but are not limited to, Southern 
analyses (Southern, 1975, /. Mol Biol. 98:503-517), single stranded confonnational 
polymorphism analyses (SSCP) (Orita et a/., 1989, Proc. Natl Acad. Sri. USA 
86:2766-2770), and PCR analyses (U.S. Patent Nos. 4,683,202; 4,683,195; 4,800,159; and 
4,965,188; PCR Strategies, 1995 Ihnis et al. (eds.), Academic Press, Inc.). 

25 Such diagnostic methods for the detection of a gene-specific mutation can involve 

for example, contacting and incubating the viral nucleic acids with one or more labeled 
nucleic acid reagents including recombinant DNA molecules, cloned genes or degenerate 
variants thereof, under conditions favorable for the specific annealing of these reagents to 
their complementary sequences. Preferably, the lengths of these nucleic acid reagents are at 

30 least 15 to 30 nucleotides. After incubation, all non-annealed nucleic acids are removed 
from the nucleic acid molecule hybrid. The presence of nucleic acids which have 
hybridized, if any such molecules exist is then detected Using such a detection scheme, 
the nucleic add from the virus can be immobilized, for example, to a solid support such as a 
membrane, or a plastic surface such as that on a microtiter plate or polystyrene beads. In 

35 this case, after incubation, non-annealed, labeled nucleic acidreagents of the type described 
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above are easily removed. Detection of the remaining, annealed, labeled nucleic acid 
reagents is accomplished using standard techniques well-known to those in the art. The 
gene sequences to which the nucleic acid reagents have annealed can be compared to the 
annealing pattern expected fiomanonnal gene sequence in order to detente whether a 

» gene mutation is present 

Alternative diagnostic methods for the detection of gene specific nucleic acid 
molecules may involve their amplification, «.g., by PCR(U.S. Patent Nos. 4,683^02; 
4 683,195; 4,800,159; and 4,965,188; PCR Strategies, 1995 mnis et al. (eds.), Acadermc 
Press, Inc.), followed by the detection of the amplified molecules using techniques well 
10 known to those of skill in the art. The resulting amplified sequences can be compared to 
those which would be expected if the nucleic acid being amplified contained only normal 
copies of the respective gene in order to determine whether a gene mutation exists. 

Additionally, the nucleic acid can be sequenced by any sequencing method known m 
the art For example, the viral DNA can be sequenced by the dideoxy method of Sanger et 
15 al 1977, Proc. Natl Acad. Set USA 74:5463, as further described by Messing et al, 1981, 
Nuc Acids Be*. 9:309, or by the method of Maxam et al., 1980, Methods in Enzymology 
65-499 Seealsometechmquesdescribedm A 
Laboratory Manual, Cold Spring Harbor Laboratory, NY and Ausubel et al , 1989, Carre* 
Protocols in Molecular Biology, Greene Publishing Associates and Wiley Jhterscience, NY. 
20 Antibodies directed against the viral gene products, i.e., viral proteins or viral 

peptide fragments can also be used to detect mutations in the viral proteins. Alternatively, 
the viral protein or peptide fragments of interest can be sequenced by any sequencing 
method known in the art in order to yieldthe amino acid sequence of the protein of interest. 
An example of such a method is the Edman degradation method which can be used to 
25 sequence small proteins or polypeptides. Larger proteins can be initially cleaved by 
chemical or enzymatic reagents known in the art, for example, cyanogen bromide, 
hydrexylarnine, trypsin or chymotrypsin, and then sequenced by the Edman degradation 
method 



30 5J fti « ===; ^^__-_- 

My method known in the art can be used to determine thephenotypic susceptibility 

of a mutant virus or population of viruses to an anti-viral therapy. See e.g., U.S. Patent Nos. 

5 837 464 and 6,242,187, incorporated herein by reference in their entirities. hi some 

enmodiments a phenotypic analysis is performed, me susceptibmty of die vims m 

35 given anti-viral agent can be assayed with respect to the susceptibility of a reference virus 
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without the mutations. This is a direct, quantitative measure of drug susceptibility and can 
be performed by any method known in the art to determine the susceptibility of a virus to an 
anti-viral agent An example of such methods includes, but is not limited to, detenruning 
the fold change in IC X values with respect to a reference virus. Phenotypic testing measures 
$ the ability of a specific viral strain to grow in vitro mthepresenceof adrugiiunbitor. A 
virus is less susceptible to a particular drug when more of the drug is required to inhibit 
viral activity, versus the amount of drug required to inhibit the reference virus. 

In one embodiment phenotypic analysis is performed and used to calculate the IC» 
or IC*, of a drug for a viral strain. The results of the analysis can also be presented as f old- 
10 change in IC^ orlC*. for each viral strain as compared with a drug-susceptible control 
strain or a prior viral strain from the same patient. Because me virus is directly exposed to 
each of the available anti-viral medications, results can be directly linked to treatment 
response. For example, if the patient virus shows resistance to a particular drug, that drug is 
avoided or omitted from the patient's treatment regimen, allowing the physician to design a 
15 treatment plan that is more likely to be effective for a longer period of time. 

In another embodiment, the phenotypic analysis is performed using recombinant 
vims assays ("RVAs"). RVAs use virus stocks generated by homologous recombination 
between viral vectors and viral gene sequences, amplified from the patient vims. In some 
embodiments, the viral vector is a HIV vector and the viral gene sequences can be protease 
20 and reverse transcriptase sequences. * ^ 

m one embodiment, the phenotypic analysis is performed using PHENOSENSE 
(ViroLogic Inc., South San Francisco, CA). See Petropoulos et at, 2000, Antimicrob. 
Agents Chemother. 44:920-928; U.S. Patent Nos. 5,837,464 and 6,242,187. 
PHENOSENSE™ is a phenotypic assay that achieves the benefits of phenotypic testing and 
25 overcomes the drawbacks of previous assays. Because the assay has been automated, 
PHENOSENSE™ offers higher throughput under controlled conditions. The result is an 
assay that accurately defines the susceptibility profile of a patient's HIV isolates to all 
currently available antiretroviral drugs, and delivers results directly to the physician within 
about lOto about 15 days of sample receipt PHENOSENSE™ is accurate and can obtain 
30 results with only one round of viral replication, thereby avoiding selection of 

subpopulations of virus. The results are quantitative, measuring varying degrees of drag 
susceptibility, and sensitive - the test can be performed on blood specimens with a viral 
load of about 500 copies/mL and can detect minority populations of some drug-resistant 
virus at concentrations of 10% or less of total viral population. Furthermore, the results are 



35 
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repmdudble and can vary by less than about 1 .4-2.5 fold, depending on the drug, in about 

95% of the assays performed. 

PHENOSENSE™ can be used with nucleic acids from amplified vital gene 
sequences. As discussed in Section 5.4.1, the sample containing the virus may be a sample 
5 fromahuroan or an amrnal infected wim me vu^ 

In one embodiment, the viral sample comprises a genetically modified laboratory strain. 

A resistance test vector ("RTV) can then be constructed by incorporating the 
amplified viral gene sequences into a replication defective viral vector by using any method 
known in the art of incorporating gene sequences into a vector, m one embodiment, 
10 restrictions enzymes and conventional cloning methods are used. See Maniatis et al., 1989, 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, NY and 
Ausubel et al, 1989, Current Protocols in Molecular Biology, Greene Publishing 
Associates and Wiley Interscience, NY. In some embodiments, Apal and PinAl restncUon 
enzymes are used. Preferably, the replication defective viral vector is the indicator gene 
15 viral vector (<1GW"). In some embodiments, the viral vector contains a means for 
detecting replication of the RTV. Preferably, the viral vector contains a luciferase 
expression cassette. 

The assay can be performed by first cc-transfecting host cells with RTV DNA and a 
plasmid that expresses the envelope proteins of another retrovirus, for example, 
20 amphotropic murine leukemia virus (MLV). Following transfection, virus particles can be 
harvested and used to infect fresh target cells. The completion of a single round of viral 
rephcation can be detected by the means for detecting replication contained in the vector. In 
one embodiment, the completion of a single round of viral replication results in the 
production of luciferase. Serial concentrations of anti-viral agents can be added at either the 

25 transfection step or the infection step. 

Susceptibility to the anti-viral agent can be measured by comparing the replication 
of the vector in the presence and absence of the anti-viral agent For example, susceptibiUty 
to the anti- viral agent can be measured by comparing the luciferase activity in the presence 
and absence of the anti-viral agent Susceptible viruses would produce low levels of 

30 luciferase activity in the presence of anti-viral agents, whereas viruses with reduced 
susceptibility would produce higher levels of luciferase activity. 

m one embodiment, PHENOSENSE™ is used in evaluating the phenotypic 
susceptibility of FTTV-1 to anti-viral drugs. Preferably, the anti-viral drug is a protease 
inhibitor. More preferably, it is lopinavir. In some embodiments, the reference viral stram 

35 is HIV strain NL4-3 or HXB-2. 



-35- 



WO 03/070700 — — PCT/US03/04362 



to one embodiment, viral nucleic acid, for example, HTV-1 RNA can be extracted 
from plasma samples, and a fragment of, or entire viral genes could be amplified by 
methods such as, but not limited to PCR. See, e.g., Hertogs et aL, 1998, Antimicrob Agents 
Chemother 42(2):269-76. In one example, a 2.2-kb fragment containing the entire HIV-1 
5 PR- and RT-coding sequence can be amplified by nested reverse transcription-PCR. The 
pool of amplified nucleic acid, for example, the PR-RT-coding sequences, can then be 
cotransfected into a host cell such as CD4+ T lymphocytes (MT4) with the 
pGEMT3deltaPRT plasmid from which most of the PR (codons 10 to 99) and RT (codons 1 
to 482) sequences are deleted. Homologous recombination leads to the generation of 
10 chimeric viruses containing viral coding sequences, such as the PR- and RT-coding 

sequences derived from HTV-1 RNA in plasma. The susceptibilities of the chimeric viruses 
to all currently available anti-viral agents targeting the products of the transfected genes 
(proRT and/or PR inhibitors, for example), can be determined by any cell viability assay 
known in the art For example, an MT4 eeU-3-(4^-dimethylthiazol-2-yl) 
15 -2,5-diphenyltetrazolium bromide-based cell viability assay can be used in an automated 
system that allows high sample throughput. The profile of resistance to all the anti-viral 
agents, such as the RT and PR inbibitore can be displayed graphically in a single 
PR-RT-Antivirogram. 

Other assays for evaluating the phenotypic susceptibility of a virus to anti-viral 
20 drugs known to one of skill in the art can be used. See, e.g., Shi and Mellors, 1997, 
Antimicrob Agents Chemother. 41(12):2781-85; Gervaix et at, 1997, Proc Natl Acad Sci 
U. S. A 94(9):4653-8, incorporated herein by reference in their entirities. 

In another embodiment, the susceptibility of a vims to treatment with an anti-viral 
treatment is determined by assaying the activity of the target of the anti-viral treatment in 
25 the presence of the anti-viral treatment In one embodiment, the virus is HTV, the anti-viral 
treatment is a protease inhibitor, and the target of the anti-viral treatment is the HIV 
protease. See. e.g., U. S. Patent Nos. 5,436,131, 6,103,462, incorporated herein by 
reference in their entirities. 

Any method known in the art can be used to determine whether a mutation is 
correlated with a decrease in susceptibility of a virus to an anti-viral treatment and thus is a 
RAM according to the present invention. In one embodiment, P values are used to 
determine the statistical significance of the correlation, such that the smaller the P value, the 
35 more significant the measurement Preferably the P values will be less than 0.05. More 
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preferably, P values will be less than 0.01. P values can be calculated by any means known 
to one of skill in the art. m one embodiment, P values are calculated usingFisher's Exact 
Test. See, e.g. , David Freedman, Robert Pisani & Roger Purves, 1980, STATISTICS, 

W. W. Norton, New York. 
5 b one embodiment, numbers of samples with the mutation being analyzed that have 

an ICa, fold change below or above 10-fold are compared to numbers of samples without 
the mutation. A 2x2 table can be constructed and the P value can be calculated using 
Fisher's Exact Test {see Example 5). P values smaller than 0.05 or 0.01 can be classified as 
statistically significant 

"another aspect, the present invention provides a method for determining a vims- 
susceptibility to anti-viral treatment. Resistance-associated mutations (RAMs) can be 
identified and correlated with reduced susceptibility of a virus to an anti-viral treatment as 

15 described in Sections 5.3-5.6 above. The presence of a RAM in a virus can be detected by 
any means known in the art, e.g., as discussed in Section 5.4.2 above. The presence of a 
RAM in the virus can indicate that the virus has an increased likelihood of having reduced 
susceptibility for the anti-viral treatment. In one embodiment, the virus is human 
immunodeficiency virus (HIV). In another embodiment, the virus is human 

20 immunodeficiency virus type-1 (HTV-1). In another embodiment, the anti-viral treatment is 
a protease inhibitor. Examples of protease inhibitors include, but are not limited to, 
saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and lcminavir. m one embodiment, 
the protease inhibitor is selected from a group consisting of saquinavir, ritonavir, indinavir, 
nelfinavir, amprenavir and lopinavir. In another embodiment, the protease inhibitor is 

25 lopinavir. 

In another embodiment, the invention provides a method for determining whether a 
HIV has an increased likelihood of having a reduced susceptibility to treatment with a 
protease inhibitor, comprising detecting in the protease of said HTV or in a nucleic acid of 
said HTV that encodes the protease, the presence or absence of a mutation associated with 

30 reduced susceptibiUty to treatment with said protease inhibitor at amino acid position 20, 
33, 34, 43, 46, 48. 50, 54, 55, 58. 63, 66, 73, 74, 76. 79. 82. 84 or 89 of the amino acid 
sequence of said protease, wherein the presence of said mutation indicates that the HTV has 
an increased likelihood of having reduced susceptibility to treatment with the protease 
inhibitor compared to a HIV without said mutation, e.g. , a wild type or reference HTV, with 

35 the proviso that said mutation is not K20M, K20R. M46I. M46L, I54L, I54T, I54V, 1*3P, 
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V82A, V82F, V82T or I84V. In one embodiment, the mutation is detected in the protease 
of said HIV. In another embodiment, the mutation is detected in a nucleic acid of said HIV 

mat encodes the protease. 

In another embodiment, the mutation associated with reduced susceptibility to 
5 treatment with said protease inhibitor is at amino acid position 20, 33, 34, 46, 50, 54, 63, 
66, 73, 74, 76, 79, 82, 84 or 89 of the amino acid sequence of said protease, with the 
proviso that said mutation is not K20M, K20R, L33F, L33M, K43T, M46X M46L, I50V, 
I54A, I54L, I54M, I54S, I54T, I54V, L63P, G73A, G73S, G73T, T74S, V82A, V82F, V82I, 
V82S,V82TorI84V. 

10 In another embodiment, the mutation associated with reduced susceptibility to 

treatment with said protease inhibitor is at amino acid position 10, 11, 32, 47, 53, 71 or 95 
of the amino acid sequence of said protease, with the proviso that said mutation is not V32I 
or I47V. In one embodiment, the mutation associated with reduced susceptibility to 
treatment with said protease inhibitor is selected from the group consisting of: L10F, F53L 

15 andA71L. 

In another embodiment, the mutation associated with reduced susceptibility to 
treatment with said protease inhibitor is selected from the group consisting of: K20I, M46V, 
I50L, I54A, I54M, I54S, L63T, V82S, I84A, I84L, L33F, L33I, I33V, E34D, E34K, B34Q, 
K43T, G48V, I50L. I50V, K55R, Q58E, G73C G73T, T74A, T74P, T74S, L76V, P79A, 

20 P79D, P79E, L89I and L89M. In another embodiment, the mutation is selected from the 
group consisting of: K20I, M46V, I50L, L63T, I84A, I84L, L33I, L33V, E34D, E34K, 
E34Q, I50V, I54M, G73C, T74A, T74P, L76V, P79A, P79D, P79E, L89I and L89M. In 
another embodiment, the mutation is selected from the group consisting of: K20I, M46V, 
B0L, L63T, I84A, I84L, L33I, L33V, B34D, E34K, E34Q, G73C. T74A, T74P, L76V, 

25 P79A, P79D, P79E, L89I and L89M. 

In another aspect, the invention provides a method for determining whether a HTV 
has an increased likelihood of having a reduced susceptibility to treatment with a first 
protease inhibitor, comprising detecting in the protease of said HIV the presence or absence 
of a mutation associated with reduced susceptibility to treatment with a second protease 

30 inhibitor, wherein the presence of said mutation indicates that the HIV has an increased 
likelihood of having reduced susceptibility to treatment with said first protease inhibitor. In 
one embodiment, the first protease inhibitor is lopinavir. In anotoer embodiment, the 
second protease inhibitoris amprenavir. In another embodiment, the mutations in the 
protease are at amino acid position 11, 32, 33, 34. 43, 46, 47, 48, 50, 54, 58, 71, 76, 79. 82, 

35 
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84 or 95 of the amino acid sequence of arid protease, with the proviso that said mutation is 
not V32I, M46I, M46L, I47V, I50V, I54L, I54M, V82A, or B4V. 

In another embodiment, the invention provides a method of determining whether an 
individual infected with HTV has an increased likelihood of having a reduced susceptibility 
to treatment with a first protease inhibitor, comprising detecting, in a sample from said 
individual, the presence or absence of a mutation associated with reduced susceptibility to 
treatment with a second protease inhibitor at amino acid position 11, 32,33, 34, 43, 46,47, 
48, 50, 54, 58,71,76,79, 82, 84 or 95 of me amino acid sequence of me protease of the 
HTV, wherein the presence of said mutation indicates mat the individual has an increased 
likelihood of having reduced susceptibihty to treatment with said first protease inhibitor, 
with the proviso that said mutation is not V32I, M46I, M46L, I47V, I50V, I54L, I54M, 
V82A or I84V. 

" ' In another aspect, the present invention provides a method for determining the 
susceptibility of an individual infected with a virus to anti-viral treatment Resistance- 
15 associated mutations (RAMs) can be identified and correlated with reduced susceptibihty of 
a virus to an anti-viral treatment as described in Sections 5.3-5.6 above. The presence of a 
RAM in a virus present in a sample from the individual can be detected by any means 
known in the art, e.g., as discussed in Section 5.4.2 above. The presence of a RAM in the 
vims can indicate that the individual has an increased likelihood of having reduced 
20 sus^WUtyformeanti-viraltreatment In one embodiment, the virus is HIV. In another 
embodiment, the virusisfflV-1. In another embodiment, the anti-viral treatment is a 
protease inhibitor. Examples of protease inhibitors include, but are not limited to, 
saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and lopinavir. m one embodiment, 
the protease inhibitor is selected from a group consisting of saquinavir, ritonavir, indinavir, 
25 nelfinavir, amprenavir and lopinavir. In another embodiment, the protease inhibitor is 
lopinavir. 

In another embodiment, the invention provides a method for determining whether an 
individual infected with HIV has an increased likelihood of having a reduced susceptibility 
to treatment with a protease inhibitor, comprising detecting, in a sample from said 
30 individual, the presence or absence of a mutation associated with reduced susceptibihty to 
treatment with said protease mbMtor at amim) add positira 

55 58, 63, 66, 73, 74, 76, 79, 82, 84 or 89 of the amino acid sequence of the protease of the 
HW, wherein the presence of said mutation indicates that the individual has an increased 
likelihood of having reduced susceptibility to treatment with the protease inhibitor 
35 compared to an individual infected with a HTV without said mutation, e.*., a wild type or 
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reference fflV, with the proviso that said mutation is not K20M, K20R, M46I, M46L, I54L, 
I54T, I54V, L63P, V82A, V82F, V82T or I84V. In one embodiment, the mutation is 
detected in the protease of said HIV. In another embodiment, the mutation is detected in a 
nucleic acid of said HIV that encodes the protease. 

5 lii another embodiment, the invention provides a method for detenniningthe 

effectiveness of protease inhibitor treatment of an individual infected with a HTV, 
comprising detecting, in a sample from said individual, the presence or absence of a 
mutation associated with reduced susceptibility to treatment with said protease inhibitor at 
amino acid position 20, 33, 34, 46, 50. 54, 63, 66. 73, 74, 76, 79, 82. 84 or 89 of the amino 

10 acid sequence of the protease of the HIV, wherein the presence of said mutation indicates 
that the individual has a reduced susceptibility to treatment with said protease inhibitor, 
with the proviso that said mutation is not K20M, K20R, L33F. L33M. K43T, M46I, M46L, 
I50V, I54A, I54L, I54M, I54S, I54T, I54V, L63P, G73A, G73S, G73T, T74S, V82A, V82F. 

V82I, V82S, V82T or I84V. 
15 In another embodiment, the mutation associated with reduced susceptibility to 

treatment with said protease inhibitor is at amino acid position 10, 1 1, 32, 47, 53, 71 or 95 
of the ammo acid sequence of the protease of the HIV, with the proviso that said mutation is 
not V32I or I47V. In one embodiment, the mutation associated with reduced susceptibility 
to treatment with said protease inhibitor is selected from the group consisting of: L10F, 

20 F53LandA71L. 

In another embodiment, the mutation associated with reduced susceptibility to 
treatment with said protease inhibitor is selected from the group consisting of: K20I, M46V, 
B01. 154A, I54M, I54S, L63T, V82S, B4^ 

K43T, G48 V, I50L, I50V, K55R, Q58E, G73C, G73T, T74A, T74P, T74S, L76V, P79A, 
25 P79D, P79E, L89I and L89M. In another embodiment, the mutation is selected from the 
group' consisting oft K20I, M46V , K0L, L63T, K4A, I84L, L33I, L33V, E34D, E34K, 
F34Q,I50V,I54M,G73C,T74A,T74P,L76V,P79A,P79D,P79E.I^IandL89M. In 

another embodiment, the mutation is selected from the group consisting of: K20I, M46V, 
I50L, L63T, IMA, I84L, L33I, L33V, E34D, E34K, E34Q, G73C, T74A, T74P, L76V, 
30 P79 A P79D, P79E, L89I and L89M. 

5.8 rnnstnictingan Mrorithm 

In one aspect, the present invention provides a method of constructing an algorithm 
that correlates genotypic data about a virus with phenotypic data about the virus. In one 
35 embodiment, the phenotypic data relate to the susceptibility of the virus to an anti-viral 
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^atment m another embedment, the anti-viral treatment is an anti-viral compound. In 
another embodiment, the anti-viral compound is a protease inhibitor. In another 
embodiment, the protease inhibitor is lopinavir. 

In one embodiment, the method of constructing the algorithm comprises cmatmg a 
I nile or rules that correlate genotypic data about a set of viruses with phenotypic data about 

the set of viruses. , . . A . 

In one embodiment, a training data set comprising genotypic and phenotypic data 
about each virus in a set of viruses is assembled. Any method known in the art can be used 
tocollectgenotypicdamabontavirua. Samples of method of coUectrngsnch^ am 
10 pnovidedabove. Any known in the art can be used for eonechng^ 

about a virus. Exarnplesof such methods are pn,vided above, msomeembod^nts.dre 
tnnning data set comprises one or more RAMs as described above, m one emboo^en, 
each genotypic datum is the sequence of all or part of a viral protein of a virus in the se of 
vbuses. In another embodiment, each genotypic datum in the training data set 18 a smgle 
15 amino acid change in a protein encoded by the virus, relative to a reference protein m the 
reference virus. In other embodiments, the genotype comprises two, three, four, fiv^ix or 
nrom amino acrd change, in the viral protein. In another embodiment, the virus is HIV, and 
the protein is HTV protease. In one embodiment, the virus is HTV-1. In another 
embodiment, the reference protein is the protease from NL4-3 HIV. 
20 one embodiment, each phen^ 

snsceptibmtytoananri-viraltmatmentof a virus mure set of viruses. In one embodrrnent, 
the anti-viral treatment is an anti-viral compound, m anomer embodiment, the anti-viral 
compound is a protease inhibitor, hi another embodiment, the protease inhibitor is 
lopinavir. In one embodiment, the susceptibility is measured as a change in the 
25 susceptibility of the virus relative to a reference virus. In another embodiment, the 
susceptibility is measured as a change in the of me virus relative to a re^ce was 
lnanc^remb^t,mecha»*^^^ *- 
embcxfcment the virus is HIV. In another embodiment, the virus is HTV-1. In another 
embodiment, the reference HTV is NL4-3 fflV. 
30 The genotypic and phenotypic data in the training data set can be represented or 

organized in any way known in the art. In one embodiment, the data are displayed m the 
folofagraph.forexample.asshowninRgnreslandT. mthistypeof representenon^ 

virus. Each point on the graph corresponds to one virus in the data set ™ e ™ 
35 represents the number of mutations that a virus in the data set has. The position of the point 
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indicates both the number of mutations and the fold change m anti-viral therapy treatment 
that the virus has, both measured relative to a reference strain, toanotnerembodiinent, the 
genotypic and phenotypic data in the training data set are displayed in the form of a chart, 

for example, as shown in Figure 2. 

5 In one aspect, an algorithm is formulated that correlates the genotypic data with the 

phenotypic data in the training data set In one embodiment, a phenotypic cutoff point is 
defined. In another embodiment the phenotype is susceptibility to an anti-viral treatment. 
In another embodiment, the phenotype is change in sensitivity to an anti-viral treatment 
relative to a reference virus, and the cutoff point is the value above which a virus or 

10 population of viruses is defined as phenotypically resistant ("PT-R") to the anti-viral 
therapy and below which a virus or population of viruses is defined as phenotypically 
sensitive ("PT-S") to the anti-viral therapy, mother embodiments, the cutoff point 18 2- 
fold. 5-fold, 10-fbld, 15-fold, 20-fold, 30-fold, 40-fold, 50-foJd or 100-fold greater than the 
ICs, of a reference virus, m another embodiment, the phenotypic cutoff point is the clinical 

15 cutoff value as defined above. In another embodiment, the virus is fflV and the anti-viral 
therapy is treatment with a protease inhibitor. In another embc>diinent the protease inhibitor 
is lopinavir. 

In another embodiment, the phenotypic cutoff point is used to define a genotypic 
cutoff point. In one embodiment this is done by correlating the number of mutations in a 

20 virus of the training data set with the phenotypic susceptibility of the virus. This can be 
done, for example, using a graph similar to the one in Figure 2, as discussed above. A 
genotypic cutoff point is selected such that most viruses having more than that number of 
mutations in the data set are phenotypically resistant ("PT-R"), and most viruses having 
fewerthan that number of mutations are phenotypically sensitive ("PT-S"). By definition, a 

25 virus in the training data set with number of mutations equal to, or more than the genotypic 
cutoff is genotypically resistant ("GT-R") to the anti-viral treatment, and a virus in the 
training data set with fewer than the genotypic cutoff number of mutations is genotypically 
sensitive ("GT-S") to the anti-viral treatment Thus, in one embodiment a genotypic cutoff 
point is selected that produces the greatest percentage of viruses in the training data set that 

30 are either phenotypically resistant and genotypically resistant ("PT-R, GT-R"), or 
phenotypically sensitive and genotypically sensitive ("PT-S, GT-S"). 

While this simple algorithm can provide a useful approximation of the relationship 
between the genotypic and phenotypic date in the training data set, in most cases there will 
be a significant number of strains that are genotypically sensitive but phenotypically 

35 resistant ("GT-S, PT-R"), or genotypically resistant but phenotypically sensitive ("GT-R, 



-42- 



WO 03/070700 — PCT/US03/04362 



Pt-S"), as shown in Figures 2 and 7. These discordant results are a measure of the 
inaccuracy of the algorithm. Thus, in some embodiments, the algorithm is further modified 
to reduce the percentage of discordant results m the training data set m one embodiment, 
this is done by removing from the data set each data point that corresponds to a virus 
5 population comprising a mixture of mutations including the wild-type, at a single position 
considered by the algorithm tested. As shown in Figure 3 and Example 3, this has the effect 
of reducing the number of PT-S, GT-R results, thus lowering the overall percentage of 
discordant results and so improves the fit of the algorithm to a training data set 

In another embodiment the percentage of discordant results is reduced by assigning 
10 differential weight values to one or more mutations observed in the training data set An 
algorithm that does not include this step assumes that each mutation in the training data set 
contributes equally to the overall resistance of a virus or population of viruses to an 
anti-viral therapy. In many cases this will not be true. Figure 4 shows an example of a 
mutation in a training data set that is almost always correlated with phenotypic resistance to 
15 an anti-viral treatment. That is, almost every virus that has the mutation is phenotypically 
resistant to the anti-viral treatment, even those strains having only one or two total 
mutations. In one embodiment such mutations are "weighted," i.e., assigned an increased 
mutation score. A mutation can be assigned a weight of, for example, two, three, four, five, 
. six, seven, eight or more. For example, a mutation assigned a weight of 2 will be counted 
20 as two mutations in a virus. Fractional weighting values can also be assigned. In another 
embodiment values of less than 1 , and of less than zero, can be assigned, wherein a 
mutation is associated with an increased sensitivity of the virus to the anti-viral treatment 

One of skill hi the art will appreciate that there is a tradeoff involved in assigning an 
increased weight to certain mutations. As the weight of the mutation is increased, the 
25 number of GT-R, PT-S discordant results may increase. Thus, assigning a weight to a 
mutation that is too great may increase the overall discordance of the algorithm. 
Accordingly, in one embodiment a weight is assigned to a mutation that balances the 
reduction in GT-S, PT-R results with the increase in GT-R, PT-S results. 

In another embodiment, the interaction of different mutations in the training data set 
30 with each other is also factored into the algorithm. For example, it might be found that two 
or more mutations behave synergistically, Le. , that the coincidence of the mutations in a 
virus contributes more significantly to the resistance of the virus than would be predicted 
based on the effect of each mutation independent of the other. Alternatively, it might be 
found that the coincidence of two or more mutations in a virus contributes less significantly 
35 to the resistance of the virus than would be expected from the contributions made to 
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resistance by each mutation when it occurs independently. Also, two or more mutations 
may be found to occur more frequently together than as independent mutations. Thus, in 
one embodiment, mutations occurring together are weighted together. For example, only 
one of the mutations is assigned a weight of 1 or greater, and the other mutation or 

5 mutations are assigned a weight of zero, in order to avoid an increase in the number of 
GT-R, PT-S discordant results. 

hi another aspect, the phenotypic cutoff point can be used to define a genotypic 
cutoff point by correlating the number as well as the class of mutations in a virus of the data 
set with the phenotypic susceptibility of the virus. Examples of classes of mutations 

10 include, but are not limited to, primary amino acid mutations, secondary amino acid 

mutations, mutations in which the net charge on the polypeptide is conserved and mutations 
that do not alter the polarity, hydrophobicity or hydrophiKcity of the amino acid at a 
particular position. Other classes of mutations that are within the scope of the invention 
would be evident to one of skill in the art, based on the teachings herein. 

15 In one embodiment, an algorithm is constructed that factors in the requirement for 

one or more classes of mutations, hi another embodiment, the algorithm factors in the 
requirement for a minimum number of one or more classes of mutations, hi another 
embodiment, the algorithm factors in the requirement for a minimum number of primary or 
secondary mutations. In another embodiment, the requirement for a primary or a secondary 

20 mutation in combination with other mutations is also factored into For 
example, it might be found that a virus with a particular combination of mutations is 
resistant to an anti-viral treatment, whereas a virus with any mutation in that combination, 
alone or with other mutations that are not part of the combination, is not resistant to the 
anti-viral treatment 

25 By using, for example, the methods discussed above, the algorithm can be designed 

to achieve any desired result hi one embodiment, the algorithm is designed to maximize 
the overall concordance (the sum of the percentages of the PT-R, GT-R and the PT-S, GT-S 
groups, or 100 - (percentage of the PT-S, GT-R + PT-R, GT-S groups). In some 
embodiments, the overall concordance is greater than 75%, 80%, 85%, 90% or 95%. In one 

30 embodiment, the algorithm is designed to minimize die percentage of PT-R, GT-S results. 
In another embodiment, the algorithm is designed to minimize the percentage of PT-S, GT- 
R results. In another embodiment, the algorithm is designed to maximize the percentage of 
PT-S, GT-S results. In another embodiment, the algorithm is designed to maximize the 
percentage of PT-R, GT-R results. 
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At any pomto^g the constat 
be further tested on a second data set. In one embodiment, the second data set consists of 
viruses that are not included in the training data set, i.e., the second data set is a naive data 
set manotiier embodiment, the seco^^ 

5 fcetrainingdamsetandoneorinom Useof 
the algorithm on a second data set, particularly a naive data set, allows the predictive 
capability of the algorithm to be assessed Thus, m one embodiment, the accuracy 
algorithm is assessed using a second data set, and the rules of the algorithm are modified as 
described above to improve its accuracy. In another embodiment, an iterative approach is 

10 used to create the algorithm, whereby an algorithm is tested and then modified repeatedly 
until a desired level of accuracy is achieved. 

In another aspect, the present invention also provides a method for using an 
15 algorithmoftheinveittiontop^^ 

of a virus to an anti-viral treatment based on the genotype of the virus. In one embodiment, 
the method comprises detecting, in the virus or derivative of the virus, the presence or 
absence of one or more RAMs, applying the rules of the algorithm to the detected RAMs, 
wherein a vims that satisfies the rules of the algorithm is genotypically resistant to the anti- 
20 viral treatment, and a virus that does not satisfy the rules of the algorithm is genotypically 
sensitive to the anti-viral treatment. In another embodiment, the method comprises 
detecting, in the virus or derivative of the virus, the presence or absence of one or more 
RAMs, applying the rules of the algorithm to the detected RAMs, wherein a score equal to, 
or greater than the genotypic cutoff score indicates that the virus is genotypically resistant to 
25 the anti-viral treatment, and a score less than the genotypic cutoff score indicates that the 
virus is genotypically sensitive to the anti-viral treatment 

The algorithm of this invention can be used for any viral disease where anti-viral 
drag susceptibility is a concern, as discussed above in Section 5.4.1. In certain 
embodiments the assay of the invention can be used to detennine the susceptibility of a 
30 retrovirus to an anti-viral drag. In one embodiment, the retrovirus is HTV. Preferably, the 
virus is HIV-1. 

The anti-viral agent of the invention could be any treatment effective agamst a virus. 
It is useful to the practice of this invention, for example, to understand the structure, life 
cycle and genetic elements of the viruses which can be tested in the drug susceptibility test 
35 of this invention. These would be known to one of ordinary sldll in the art and provide, for 
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example, key enzymes and other molecules at which the anti-viral agent can be targeted 
Examples of anti-viral agents of the invention include, but are not limited to, nucleoside 
ieverse transcriptase inhibitors such as AZT, ddl, ddC, d4T, 3TC, abacavir, nucleotide 
reverse transcriptase inhibitors such as tenofovir, non-nucleoside reverse transcriptase 

5 inhibitors such as nevirapine, efavirenz, delavirdine, fusion inhibitors such as T-20 and 
T-1249 and protease inhibitors such as saquinavir, ritonavir, indinavir, nelfinavir, 
amprenavir and lopinavir. 

hi some embodiments of the invention, the anti-viral agents are directed at 
retroviruses. In certain embodiments, the anti-viral agents are protease inhibitors such as 

10 saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and lopinavir. In one embodiment, 
the anti-viral agent is lopinavir. 

Some mutations associated with reduced susceptibility to treatment with an anti- 
viral agent are known in the ait See, e.g., Kempf if al f 2001, J. Virol 75:7462-69. Others 
can be determined by methods described in Sections 53 - 5.8 above. For example, Table 1 

15 provides a list of mutations associated with reduced susceptibility to lopinavir. 

5.10 Using an Algorithm to Predict the Effectiveness of 
Anti-Viral Treatment for an Individual 

hi another aspect, the present invention also provides a method for using an 

20 algorithm of the invention to predict die effectiveness of an anti- 
individual infected with a vims based on the genotype of the virus to the anti-viral 
treatment In one embodiment, the method comprises detecting, in the virus or a derivative 
of the virus, the presence or absence of one or more RAMs, applying the rules of die 
algorithm to the detected RAMs, wherein a virus that satisfies the rules of the algorithm is 

25 genotypically resistant to the anti-viral treatment, and a virus that does not satisfy the rules 
of the algorithm is genotypically sensitive to the anti-viral treatment In another 
embodiment, the method comprises detecting, in the virus or a derivative of the vims, the 
presence or absence of one or more RAMs, applying the rules of the algorithm to the 
detected RAMs, wherein a score equal to, or greater than the genotypic cutoff score 

30 indicates that the virus is genotypically resistant to the anti-viral treatment, and a score less 
than the genotypic cutoff score indicates that the virus is genotypically sensitive to the anti- 
viral treatment 

As described in Section 5.4.1 above, the algorithm of the invention can be used for 
any viral disease where anti-viral drug susceptibility is a concern and the anti-viral agent of 
35 the invention could be any treatment effective against a virus. In certain embodiments the 
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assay of the invention is used to determine the susceptibility of a retrovirus to an anti-viral 
drug. In one embodiment, the retrovirus is HIV. Preferably, the virus is fflV-1. Iq some 
embodiments of the invention, the anti-viral agents are directed at retroviruses. In certain 
embodiments, the anti-viral agents are protease inhibitors such as saquinavir, ritonavir, 
5 indinavir, nelfinavir, amprenavir and lopinavir. In one embodiment, the anti-viral agent is 
lopinavir. 

As described in Section 5.9 above, mutations associated wife reduced susceptibility 
to treatment wife an anti-viral agent may be obtained from fee art or determined by methods 
described above in Sections 5.4 - 5.8. 

10 m some embodiments, fee present invention provides a rnefeod for momtoring the 

effectiveness of an anti-viral treatment in an individual infected wife a vims and undergoing 
or having undergone prior treatment wife fee same or different anti-viral treatment, 
comprising, detecting, in a sample of said individual, the presence or absence of an amino 
acid residue associated with reduced susceptibility to treatment fee anti-viral treatment, 

15 wherein the presence of the residue correlates with a reduced susceptibility to treatment 
wife the anti-viral treatment. 

5.11 Correlating Susceptibility to one Anti-Viral Treatment 
«Hh Sncp prihilitv to Aim ther Anti-Viral Treatment 

20 fa another aspect, fee present invention provides a method for using an algorithm of 

the invention to predict fee effectiveness of an anti-viral treatment against a virus based on 
the genotypic susceptibility of fee virus to a different anti-viral treatment. In one 
embodiment, fee method comprises detecting, in a virus or a derivative of a virus, fee 
presence or absence of one or more mutations correlated wife resistance to an anti-viral 

25 treatment and applying fee rules of an algorithm of the invention to the detected mutations, 
wherein a virus that satisfies the rules of fee algorithm is genotypically resistant to the anti- 
viral treatment, and a virus that does not satisfy fee rules of fee algorithm is genotypically 
sensitive to the anti-viral treatment. In another embodiment, fee rnefeod comprises 
detecting, in the virus or a derivative of fee virus, the presence or absence of one or more 

30 mutations correlated wife resistance to an anti-viral treatment and applying the rules of the 
algorithm to the detected mutations, wherein a score equal to, or greater than fee genotypic 
cutoff score indicates that fee virus is genotypically resistant to a different anti-viral 
treatment, and a score less than the genotypic cutoff score indicates feat the virus is 
genotypically sensitive to a different anti-viral treatment In another embodiment, the two 

35 anti-viral treatments affect fee same viral protein. In another embodiment, fee two anti-viral 
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treatments arc both protease inhibitors. Examples of protease inhibitors include, but are not 
limited to, saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and lopinavir. In yet 
another embodiment, one of the two anti-viral treatments is lopinavir. In still another 
embodiment, a mutation correlated with resistance to one protease inhibitor is also 
5 correlated with resistance to another protease inhibitor. Examples of such mutations are 
provided in Example 8 below. 

6. EXAMPLES 

The following examples are provided to illustrate certain aspects of the present 
10 invention and not intended as limiting the subject matter thereof. 

6.1 Example 1: Analysis of Patient Samples to Identify 
Resistance-Associated Mutations 

This example demonstrates a method of analyzing patient samples so as to identify 

15 mutations that are associated either with increased or with decreased susceptibility to 
protease inhibitors such as lopinavir. 

In order to determine the relationship between an HIV-1 strain's protease sequence 
and its susceptibility to treatment with lopinavir. a training data set of 2038 patient plasma 
samples was analyzed genotypically as well as phenotypically. The phenotypic assay was 

20 conducted using the PHENOSENSE™ (Virologic, South San Francisco, CA) HIV assay 
(Petropoulos et aL, 2000, Antimicrob. Agents Chemother. 44:920-928; U.S. Patent Nos. 
5,837,464 and 6,242,187). Plasma samples were collected from HIV-l-infected patients. 
Repeat samples from the same patient were removed to prevent possible bias resulting from 
unique combinations of mutations. IC X values for lopinavir were obtained for the HIV-1 

25 ftom the patient sample. This was compared to the IC^ for lopinavir against the NL4-3 
(GenBank Accession No. AF324493) reference viral strain. Phenotypic data were 
expressed as "fold change" (or log fold change) in 50% inhibitory concentration ( IC^) of 
lopinavir. The fold IC*, values were calculated by dividing the IC* of lopinavir against the 
HIV-1 from the patient plasma sample by the IC^ for lopinavir against the NL4-3 (GenBank 

30 Accession No. AF324493) reference viral strain. 

In order to define the genotypic changes correlated with reduced susceptibility to 
lopinavir, the entire amino acid sequences of HIV-1 proteases in each of the patients 5 
samples were analyzed. Mutations were compared to the protease sequence of the NL4-3 
(GenBank Accession No. AF324493) reference strain. Egftty eight out of ninety nine 

35 amino acid positions had at least one sample with a mutation CTables 2 and 3). In the 2038 
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samples in the training data, there were 61 positions that were mutated in 1% or more of the 
samples (£.«., more than 20 samples), leaving 38 positions with mutations in 20 or fewer 
samples 0ess than 1% of the samples). This data is listed in Tables 2 and 3. Table 1 
provides a list of mutations associated with reduced susceptibility to lopinavir. The data in 
5 Table 1 were obtained either with the entire training data set of 2038 samples or with a data 
set of 1418 samples (indicated with an *), after the removal of samples without any primary 
mutations associated with protease inhibitors and without an IC X fold change (*TC") greater 
than two for any protease inhibitor (Example 5). The method used to calculate P values is 
described in Example 5. 

10 

6.2 Ea^p^:^Owreh^on of ^P imi ^ > f < u ^ ptibflity 

This example demonstrates that a simple algorithm that correlates the number of 
equally-weighted mutations in the protease gene of an HIV-1 with its susceptibility to 
15 lopinavir is inaccurate. 

A data set of 2038 patient plasma samples was analyzed and mutations associated 
with reduced susceptibility to lopinavir were identified, as described in Example 1. The 
phenotypic susceptibility to lopinavir (lopinavir fold change) was analysed as a function of 
the number of mutations in the protease of the HIV-1 present in a patient's plasma sample. 
20 The fold change for each sample was calculated by dividing the IC* of lopinavir against the 
HIV-1 from the patient's plasma sample by the IC* for lopinavir against the NL4-3 
(GenBank Accession No. AF324493) reference viral strain. The genotype data was 
obtained by sequencing the protease of the HTV-1 present in each patient's sample and 
determining the sequence changes with respect to the sequence of the NL4-3 (GenBank 
25 Accession No. AF324493) HIV. The amino sequence for the NL4-3 protease is provided in 
SEQ. ID. No. 1 (Figure 12A) and the nucleic acid sequence for die NL4-3 protease gene is 
provided in SEQ. ID. No. 2 (Figure 12B). 

Figure 2 shows the resistance to lopinavir (Log lopinavir fold change) as a function 
of the number of the resistance-associated mutations. Samples with mixtures of amino 
30 acids were treated as mutants. The mutations used in this analysis were those identified in 
the Kempf study (Kempf et aL, 2001, J. Virol 75:7462-69). In order to clearly demonstrate 
the shortcomings of an algorithm proposed by Kempf, which attempted to predict the 
phenotypic susceptibility to lopinavir based on the number of mutations observed at 11 
identified positions in HIV protease, the graph for this analysis was divided into four 
35 quadrants. The Kempf study postulated that HIV was sensitive to treatment with lopinavir 
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if it had five or fewer mutations at these 11 positions, but, if the number of these mutations 
was six or more, then the virus was predicted to be resistant to lopinavir treatment. The 
bottom left quadrant corresponds to those viruses which contain 5 or fewer mutations in 
their protease and which are phenotypically and genotypically sensitive (PT-S, GT-S) to 

5 lopinavir. 1 109, or 54% of the 2038 samples were found in this quadrant Ihetopright 
quadrant corresponds to those viruses which contain six or more mutations and are 
phenotypically and genotypically resistant (PT-R, GT-R) to lopinavir (Log lopinavir fold 
change i 1) and contained 637 or 31% of the samples. However, the other two quadrants 
correspond to the "exceptions'' where a virus was predicted based on genotype (number of 

10 mutations) to be susceptible, but was phenotypically (based on Ix>g lopinavir fold change) 
resistant (left top, PT-R, GT-S) or where a virus was predicted based on genotype to be 
resistant, but was phenotypicaUy (based on Log lopinavir fold change) susceptible (right 

bottom, PT-S, GT-R). 

Figure 2 shows that 182 samples, corresponding to 9% of the starting set, with two 

15 to five mutations, contrary to expectations, are found in the top, left (PT-R, GT-S) quadrant 
and exhibit ICjq values as much as 10- to 100-fold higher than the lC a for the reference 
strain (log fold change is 1-2). Conversely, some viruses that had six, seven, or eight 
mutations did not exhibit any greater resistance to lopinavir than did the WT strain, and so 
appear in the bottom, right (PT-S, GT-R) quadrant (1 10 samples (5%)). 

20 It is thus evident from Figure 2 mat a simple correlation of susceptibility to lopinavir 

with the number of mutations in the HTV-1 protease is far from accurate. 

63 Eam ulS * T*«1 i " rf " ? Size " f the ?T-S. GT-R Discordant Group 
This example demonstrates that the PT-S, GT-R data seen in Figure 2 can be 
25 accounted for by the presence of samples containing mixtures of amino acids in at least one 
lopinavir resistance-associated position. 

Using the simple algorithm of Example 2 produced approximately 9% results in the 
top, left ("PT-R, GT-S") quadrant and 5% results in the bottom, right ("PT-S, GT-R") 
quadrant (Figure 2). These discordant results could be attributed, at least in part, to 
30 patients' samples that contained a mixture of viral strains with proteases that had a mixture 
of amino acid residues at one or more positions associated with reduced susceptibility to 
lopinavir. When these samples (Le. those samples that contained a mixture of both, a wild- 
type and a mutant) were excluded from the analysis, the PT-S, GT-R results decreased to 
2% whereas the number of PT-R, GT-S results stayed about the same at 10% (Figure 3). 
35 1402 samples were used in this modified analysis. 
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Without being bound by any particular theory, this can be explainedby the 
following hypothesis. The study treated samples which contained mixtures of viral strains 
as mutants. This could, therefore, have resulted in treating a sample which contained 10% 
mutant virus (containing a resistance-associated mutation) and 90% unmutated or reference 

5 virus as a mutant Because of the small population of mutant virus, the overall sample may 
not exhibit as much phenotypic resistance as would be expected if the sample contained 
100% mutant However, for genotypic purposes, the sample is treated as containing a 
mutation. Such samples could therefore lead to the observation of lower phenotypic 
resistance than expected for a sample with 100% mutant. This results in data that fall into 

10 the bottom, right quadrant where the population is genotypically resistant (GT-R), but 

phenotypically sensitive (PT-S). 

Removal of samples containing mixtures of amino acids at one or more positions 
associated with reduced susceptibility to lopinavir clearly reduced the PT-S, GT-R results, 
thereby demonstrating the link between the two. 

15 

6.4 BgaBBte * Analysis tf * he RT - S Disrordant 

This example demonstrates that certain mutations make a greater contribution to 

lopinavir resistance than others. 

The samples in the PT-R, GT-S quadrant of Figure 2 correspond to viruses with five 

20 or fewer mutations in the HIV protease associated with reduced susceptibility to lopinavir. 
These viruses were phenotypically resistant (had a fold change greater than 10) but were 
predicted to be genotypically sensitive (because they had five or fewer mutations). Without 
being bound by any particular theory, this can be explained by some mutations contributing 
more significantly to lopinavir resistance man other mutations. Some of these mutations 

25 may even confer as much resistance to lopinavir as four or five of the other lopinavir- 
associated mutations. When these, more significant mutations are present along with one, 
two, three or four other lopinavir-associated mutations, the total resistance conferred may be 
large enough to make the virus phenotypically resistant 

Mutations that were significantly associated with the PT-R, GT-S group were seen at 

30 positions 50, 54 and 82. Table 1 provides a list of mutations associated with reduced 
susceptibility to lopinavir. Figures 4, 5 and 6 demonstrate that when the more significant 
mutations (those at positions 50, 54 and 82) are present the lopinavir fold change is high 
and the samples are mostly in the top half of the graph - that half associated with increased 
phenotypic resistance. A comparison of Figures 2 or 3 with Figures 4, 5 and 6 also 

35 
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demonstrates that most of the samples in the PT-R, GT-S quadrant are those that contain the 
more significant mutations. 

Thus, it is evident that the PT-R, GT-S group can be associated with the presence of 
mutations that confer disproportionately more resistance to lopinavir than others. 

5 

63 Ennqte S^Ater^^A^^^ rfR^ t ^Samptes to 

This example demonstrates (1) an alternate method of analyzing patient samples so 
as to identify mutations that are associated either with increased or with decreased 

10 susceptibility to protease inhibitors such as lopinavir, (2) that a simple algorithm that 

correlates the number of equally-weighted mutations in the protease gene of an HIV with its 
susceptibility to lopinavir is inaccurate (3) that the data seen in the PT-S, GT-R quadrant 
can be accounted for by the presence of samples containing mixtures of amino acids in at 
least one lopinavir resistance-associated position; and (4) that certain mutations make a 

15 greater contribution to lopinavir resistance than others. 

In order to determine the relationship between an HIV-1 strain's protease sequence 
and its susceptibility to treatment with lopinavir, a training data set of 2038 patient plasma 
samples was analyzed genotypically as well as phenotypically. From the starting point of 
2038 samples, those samples that did not have any evidence of reduced protease inhibitor 

20 susceptibility by both phenotype and genotype were then removed. ' The phenotypic 

criterion for this exclusion was all samples having LPV FC < 2 and the genotypic criterion 
was no mutations at any of the following (primary) positions: 30, 32, 46, 48, 50, 54, 82 
(except V82I), 84, 88, or 90. This resulted in the elimination of 620 samples, leaving a data 
set of 1418 samples that were analyzed as in Example L 

25 Similar to Figure 2, resistance to lopinavir (Log lopinavir fold change) was plotted 

as a function of the number of the resistance-associated mutations. Figure 7 shows a plot of 
the data obtained in this analysis (of 1418 samples). Figure 7, just like Figure 2, also 
contains data in all four quadrants. Of the 1418 samples analyzed, 45% (637 samples) were 
PT-R, GT-R, 34% (489 samples) were PT-S, GT-S, 13% (182 samples) were PT-R, GT-S 

30 and 8% (110 samples) were PT-S, GT-R. 

When, as in Example 3, the samples containing a mixture of viral strains with 
proteases that had a mixture of amino acid residues at one or more positions associated with 
reduced susceptibility to lopinavir were excluded from the analysis, the number of samples 
in the PT-S, GT-R quadrant decreased to 4% (31 samples). This analysis resulted in the 

35 exclusion of 555 samples, leaving a total of 863 samples (Figure 8). 
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As in Example 4, mutations that were significantly associated with the PT-R, GT-S 
group were seen at positions 50, 54 and 82. Figures 9, 10 and 1 1 demonstrate that when the 
more significant mutations (those at positions 50, 54 and 82) are present, the lopinavir fold 
change is high and the samples are mostly in the top half of the graph -that half associated 

5 with increased phenotypic resistance. A comparison of Figures 7 or 8 with Figures 9, 10 
and 11 also demonstrates mat most of the samples in the PT-R, GT-S quadrant are those 
mat contain the more significant mutations. 

P values for determining the statistical significance of die correlations were 
calculated as follows: for each mutation the number of samples in the data set (here, 

10 genotypically sensitive samples from the N = 863 data set) that were below or above 10-fold 
for LPV were compared in samples with or without the mutation in question. A 2x2 table 
was constructed and the P value was calculated using Fisher's Exact test An example is 
shown for G48V: 



G48V 


PT-S 


PT-R 


p-value 


absent 


275 


07 


&87E-19 


present 


7 


50 





6.6 Example 6: First Refined Algorithm and Demonstration 
nf its Improv ed Accuracy . 

20 This example demonstrates that an algorithm can be constructed thatreduces the 
incidence of PT-R, GT-S results by differentially weighting the contribution of mutations 
that contribute more significantly to lopinavir resistance. 

As described in Example 5, from a starting training data set of 2038 samples, those 
samples without any primary mutations associated with protease inhibitors and those 

25 samples without an IC* fold change ("FC") greater than two for any protease inhibitor were 
eliminated, resulting in a data set of 1418 samples. Further exclusion of samples containing 
a mixture of viral strains with proteases that had a mixture of ammo acid residues at one or 
more positions associated with reduced susceptibility to lopinavir, resulted in a final data set 
of 863 samples which were used to design an algorithm mat can accurately predict the 

30 susceptibility of HTV to lopinavir by reducing the incidence of PT-R, GT-S results. 

The final rules were formulated based on the results observed only in the training 
data set (863 samples). The rules devised from the training data set were then tested on the 
training data set and a second set of samples ("validation set"). The validation data set 
contained 1022 samples and excluded any samples from patients included in the training 

35 data set As for the training data, samples with no evidence of reduced susceptibility to 
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protease inhibitors were removed, leaving 523 samples. The accuracy of the devised rules 
or algorithm was decided on the accuracy with which the susceptibility of the patients could 
be determined based solely on the algorithm. When discrepancies were seen, the algorithm 
was modified so that it remained consistent with the results seen in the training set. 
5 The modified algorithm was then tested again on the validation set The results seen 

in the second version were better than those of the initial version. This process was 
repeated many times and each version of the results was at least as good, if not better, than 

the version before it. 

Tables 4, 5 and 6 provide a summary of the rules applied at each round or version 

10 and the results obtained in the training data set (Table 4) and two different validation sets 
(Tables 5 and 6). The first column provides the round or version number. The next four 
columns provide, in order, the numbers expected, according to the algorithm, in the PT-S, 
GT-R, the PT-R, GT-R, the PT-S, GT-S, PT-R, OT-S groups. The next two columns 
provide the percentage of the PT-S, GT-R and PT-R, GT-S groups. The next column 

15 provides the overall concordance (the sum of the percentages of the PT-R, GT-R and the 
PT-S, GT-S groups, or 100 - (percentage of the PT-S, GT-R + PT-R, GT-S groups). 

The last column contains the rules used for that round of testing. Each set of rules is 
added to the rules preceding it Some mutations were weighted higher than others (&g., 
most of the V82 and 154 mutations), some were removed altogether from the analysis (e.g., 

20 I54L) and the weighting factors of some were altered in progressive versions of the 

algorithm. In version 6, the weighting factor for all V82 mutants was increased from 1 to 3. 
For version 7, however, the weighting factor for V82T was decreased back to 1 , because it 
did not contribute to resistance to lopinavir as significantly as the other V82 mutants did. 
Figure 13 shows the effect of the various amino acid (wild-type and mutations) at position 

25 82. One can see that the effect of V82T on the lopinavir fold change is not as large as the 
other V82 mutants. A preliminary analysis of the 154 mutants resulted in the removal of 
I54L from the algorithm. However, a subsequent analysis showed that I54L makes a 
significant contribution to lopinavir resistance (Figure 14). Thus, in Table 7, 154L has been 
assigned a weighting factor of 1, although it is not included in the algorithm as presented in 

30 Table 4. Without being bound by any particular theory, I54L was removed from the 
algorithm because it is a relatively rare mutation and therefore does not occur frequently in 
the data set. Because it is rare, it may have little or no effect on the analysis of a large 
collection of samples, but, when present in a particular virus, or virus from a particular 
patient, it contributes significantly to lopinavir resistance. 
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As one goes from "start" to version 10, the overall concordance for all 3 sets of data 
increases and that the percentage of data in the PT-R, GT-S gronp decreases dramatically, 
nearly 7-fold in the training data set and about 6-fold in the validation data sets. 

Table 7 provides a list of weights or weighting factors assigned to each mutation. 
5 This table can be used to predict whether a particular HIV strain is likely to have reduced 
susceptibility to lopinavir. Each of the protease mutations listed in Table 7 that is detected 
in the strain is assigned a weighting factor according to Table 7. The weighting factors are 
then added to get a total score for the HIV. If the total score is 6 or more, then the HW is 
likely to be resistant to treatment with lopinavir and if the total score is less than 6, then the 
10 HIV is likely to be sensitive to treatment lopinavir. 

6.7 Example 7: Second Refined Algorithm and Demonstration 
«f its Improved Accuracy . — 

This example demonstrates that an algorithm can be constructed that reduces the 
15 incidence of PT-R, GT-S and PT-S, GT-R results by adjusting the total score required in 
order for a particular HTV strain to be considered genotypically resistant or susceptibile to 
treatment with lopinavir. 

A combined data set of 2195 samples, Le., a data set consisting of the "training data 
set" and the 'Validation data set," was analyzed. Samples were excluded that did not have a 
20 primary mutation associated with phenotypic resistance to protease inhibitors, were not 
correlated to an lC n fold change ("PC") greater than two for any protease inhibitor, or that 
contained a mixture of viral strains having proteases with different amino acid residues at a 
position associated with reduced susceptibility to lopinavir if the mixture included the 
amino acid found at that position in the NL4-3 HIV strain. A final data set of 1099 samples 
25 was used to alter the algorithm described in Example 6 so as to improve its overall 
concordance. 

The same weighting factors listed in Table 7 were used. In the changed algorithm, 
the cutoff value was changed from 6 to 8, le., if the total score for a particular HTV was 8 or 
greater, men the HTV was genotypically resistant to treatment with lopinavir and if the total 

30 score was less than 8, then the HTV was genotypically sensitive to treatment with lopinavir. 
Using a cutoff value of 8, the overall concordance, 90.5%, was higher than that seen with a 
cutoffvalueof6CTable8). Figure 15 provides a scatter plot using a cutoff value of 8. The 
reduction in PT-R, GT-S and PT-S, GT-R results compared to Figures 2 and 7 can be seen. 
An even higher overall concordance of 91.5% was observed when a cutoff value of 7 was 

35 used in the algorithm (Table 8). This is seen in Figure 16. 
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6.8 Example 8: Effect of Mutations Associated with 



This example demonstrates that certain mutations correlated with an increase in 
5 Amprenavir ("APV) resistance of HIV are also correlated with an increased resistance to 
lopinavir. 

Figure 17 shows the effect of protease mutations associated in HIV with resistance 
to Amprenavir ("APV") on resistance to lopinavir. HTV-1 isolates with a decreased 
susceptibility to amprenavir have been selected in vitro and obtained from patients treated 

10 with amprenavir. Genotypic analysis of these isolates showed that resistance to APV is 
associated with 8 mutations in the HTV-1 protease gene: 5 primary (V32I, I50V, I54L/M, 
and I84V) and 3 secondary (M46I/L and I47V). See Maguire et al, 2002, Antimicrob 
Agents Chemother 46:731-738. Without exception, each of these mutations is correlated 
with reduced susceptibility to lopinavir (Table 1). V32I and I47V are also known to be 

15 selected by LPV in vitro. Carrillo et at., 1998, J. Virol 72:7532-41. The effect of Ihese 
mutations and combinations of these mutations with each other and I84V on LPV and APV 
susceptibility is summarized in Table 9. The median FC for APV was 9 .5-fold or higher in 
each group, as might be expected. However the median LPV FC often paralleled, and was 
often greater than that of APV. This observation led to the investigation of the degree of 

20 cross-resistance between these two protease inhibitors. 

From a list of 26 mutations associated with APV FC z. 2.5 based on univariate 
analysis, 23 were also associated with LPV FC i 2.5 (Table 10). Using regression analysis, 
the correlation between FC Gog-transformed) for the two Pis was analyzed. Figure 18 
shows a bivariate scatter plot of lopinavir fold change ("Log LPV FC) versus amprenavir 

25 fold change ("Log APV FC*). The darker dots ("APV GT-R" in the legend) represent those 
samples that were genotypically resistant to amprenavir and the ligther dots ("APV GT-S" 
in the legend) represent those samples that were genotypically sensitive to amprenavir. 
Figure 18 shows that the correlation between amprenavir and lopinavir is higher for those 
samples that are genotypically resistant to amprenavir (correlation coefficient, R 2 = 0.52) 

30 than for those that are genotypically sensitive to amprenavir (correlation coefficient, 
R 2 = 039) (all samples with FC < 2.5 for either protease inhibitor were excluded for this 
analysis). Seventy-six percent of all samples, and 82% of APV GT-R samples, that were 
PT-R to either protease inhibitor were resistant to both. While 95% of samples defined as 
GT-R for APV were also PT-R, 80% were also PT-R for LPV (Table 1 1). 

35 
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Despite the correlation, the presence of APV mutations alone was not sufficient for 
LPV FC> 10, requiring accumulation of 8 or more mutations from those associated with 
reduced susceptibility to IPV listed in Table 1. 

5 All references cited herein are incorporated by reference in their entireties. 

The examples provided herein, both actual and prophetic, are merely embodiments 
of the present invention andareiK*mtentedtoliinitthe invention in any way. 
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TABLEI 
I ^pjnaviif Mutations 



5 




FOdO 


FCilO 


%Rt%S 


p value 




L10F 


16 


25 


9 


<0.0001 




L10F* 


15 


25 


3 


0.0001 




L10I* 


105 


97 


2 


<0.0001 


10 


G16E* 


8 


23 


6 


<0.0O01 




K20I 


21 


24 


6 


<0.0001 




K20P 


14 


24 


3 


0.0001 




K20M 


6 


10 


9 


<0.0001 


15 


K20M* 


4 


10 


5 


0.0045 




K20R 


17 


13 


4 


0.0002 




L24I 


7 


10 


8 


<0.0001 




V32I 


9 


18 


11 


<0.0001 


20 


V32I* 


9 


18 


4 


> 0.0004 


L33IFV** 


38 


47 


7 


<0.0001 




L33F* 


14 


42 


6 


<0.0001 




E34DKQ** 


4 


18 


25 


<0.0001 


25 


E34Q* 


2 


12 


12 


0.0001 


K43T* 


4 


22 


11 


<O.0O01 




M46I 


49 


57 


6 


<0.0001 




M46L 


16 


19 


7 


<0.0001 


30 


M46I* 


49 


57 


2 


<0.0001 


M46L* 


16 


19 


2 


0.009 




M46V* 


Not Available 


Not Available 


Not Available 


Not Available 




MTV* 


5 


22 


8 


<0.0001 




I47A 


Not Available 


Not Available 


Not Available 


Not Available 


35 


I47V 


5 


22 


25 


<0.001 
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G48V 


7 


50 


40 


<0.0001 




G48V* 


7 


50 


14 


<U.UUUi 




I50V 


1 


22 


123 


<0.UUU1 


5 


I50V* 


1 


25 


48 


<0.0001 




I54A 


0 


22 


-N7A- 


<0.0001 




I54L 


Not Available 


Not Available 


Not Available 


Not Available 




I54M 


6 


21 


20 


<0.0001 


10 


I54S 


0 


14 


-N/A- 


<0.0001 


I54T 


0 


5 


-N/A- 


*\ AAA1 

<0.000l 




I54V 


7 


47 


37 


<0.0001 




I54A* 


0 


22 


-N/A- 


<0.0001 


IS 


I54M* 


6 


21 


7 


<0.UUU1 


I54S* 


0 


14 


-N/A- 


AAA1 

<0.UUU1 




I54T* 


0 


5 


-N/A- 


0.0045 




I54V* 


7 


47 


13 


<0.0001 




K55R 


13 


12 


5 


<0.0001 


Q58E 


19 


26 


8 


<0.0001 




Q58E* 


18 


26 


3 


0.0003 




L63T* 


4 


11 


5 


0.002 




I66FV** 


14 


12 


5 


0.0001 


25 


A71I 


< 


7 


8 


0.0007 




G73C 




6 


17 


0.0002 




G73T 


10 


13 


7 


<0.0001 




T74ASP** 


27 


37 


8 


<0.0001 


30 


1 


14 


25 


3 


0.0001 




L76V 


1 


6 


34 


<0.0001 








6 


12 


0.0076 




L76V* 


1 














11 


0.0006 




P79ADE** 


3 


6 




35 


V82A 


14 


73 


29 


<0.0001 
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5 



10 



V82F 


2 


0 


17 


0.0002 


V82A* 


14 


ID 


10 


<0.0001 


V82S 


0 


n 

1 


-N/A- 


<0.0001 


V82S* 


0 


7 


-N/A- 


A AAAC 
0.UUU3 


I84A* 


Not Available 


Not Available 


Not Available 


Not Available 


I84L* 


Not Available 


Not Available 


Not Available 


Not Available 


I84V 


41 


33 


4 


<0.0001 


L89I* 


0 


5 


-N/A- 


0.0045 


I MM* 


7 


13 


4 


0.0004 



Number of starting samples = 2038. 

* Number of starting samples = 1418 (after the removal of samples without any primary 
15 mutations associated with protease inhibitors and without an IC* fold change ("PC") greater 

than two for any protease inhibitor). 

** All variants treated equally. 

-N/A-: Not Applicable (results in a division by zero). 

FC: Fold Change in ICV 
20 %R: Percent of samples with mutation compared to all PT-R, GT-S samples, 

%S: Percent of samples with mutation compared to all PT-S, GT-S samples. 
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TABLE 2 





Number of Positioni 


, Number of Samples 
With Mutations 




11 


0 


10 


9 


1 




3 


2 




2 


3 




2 


4 


15 


3 


5 




1 


6 




3 


. 7 




0 


8 


20 


0 


9 




34 


<10 




65 


>10 




61 


>20 


25 


46 


>100 




4 


10 to 20 




15 


20 to 100 
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) With Mutations nf ^ >* m 



10 
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Position Number of 


PI 


0 


P9 


0 


D25 


0 


G27 


0 


D29 


0 


T31 


0 


P44 


0 


G78 


0 


G86 


0 


L97 


0 


N98 


0 


Q2 




T26 




A28 




G49 




G52 




V56 




P81 




G94 




F99 




13 


2 


L5 


2 


G40 


2 
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IS 



20 



25 



Position 


iNumDcr oi oouipico 


WO 




TXT At 

W42 




R87 


*r 


T96 


t 


R8 


c 
D 


G51 


e 


Y59 


< 


T80 


o 


Q7 


/ 


E21 


/ 


G68 


/ 


V75 


12 


G17 


1^ 
13 


138 


17 


L23 


ZU 


T4 


24 


A22 


24 


N83 


25 


E65 


33 


P79 


39 


T91 




K45 


AC 

45 


L76 


57 


C95 


59 


P39 


61 


Q18 


63 


D30 


74 


150 


80 
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Position 


Number of Su 


N88 


89 


K70 


96 


E34 


101 


166 


103 


C67 


110 


147 


112 


V32 


116 


Vll 


117 


Q92 


121 


185 


131 


L24 


134 


G16 


136 


Q61 


144 


K55 


153 


C48 


156 


F53 


159 


Q58 


159 


L89 


186 


T74 


202 


K43 


208 


K14 


210 


H69 


213 


R57 


237 


T12 


244 


D60 


247 


L19 


297 


L33 


411 


G73 


416 
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5 



10 



IS 



20 



Position Number of Samples 


104 


*r«/0 


184 






AQQ 

'toy 


172 


JJ.O 


H it 1 

R41 




U3 


330 


K20 




V77 


708 


£35 


7^< 


V82 




M46 


7Rn 

rov 


193 




N37 


oZO 


154 


834 


M36 


841 


162 


897 


L90 


946 


A71 


1047 


L10 


1242 


L63 


1858 
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TABLE 4 

Algorithm Construction and Annlkatt pp fa «"> Trying Ttato 



No. 


PT-S, PT-R, PT-JS, PT-R, %PT-R, %PT-S, Concor- 


Rules 


GT-R GT-R 


GT-S 


GT-S 


GT-S 


GT-R 




Start 


32 


412 


281 


138 


160% 


3.7% 


80.3% 


All mutations weighted 
equally 


















Added M46V.I50V 


1 


36 


457 


277 


93 


10.8% 


4.2% 


85.1% 


(weight=3), I54AMS, 
I84AL.V82S 


















Added L33FJ47V, 


6 


58 


519 


255 


31 


3.6% 


6.7% 


89.7% 


G48MV,L63T,mcrcased 
V82AFSTweigJrtto3 


7 


56 


517 


257 


33 


3.8% 


6.5% 


89.7% 


V82T weight setback Co 1 


8 


57 


522 


256 


28 


3.2% 


6.6% 


90.2% 


AddV32I.E34Q.K43T, 
L89IM, remove I54L 


10 


65 


530 


248 


20 


2.3% 


75% 


90.2% 


Add58E.74S.76V, 
increase weight of 54 to 3x 
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No. 


PT-S, 
GT-R 


PT-R, PT-S, 
GT-R GT-S 


PT-R, 
GT-S 


%PT-R, 
GT-S 


%PT-S, 
GT-R 


Overall 
Concordance 


Start 


37 


130 302 


54 


103% 


7.1% 


82.6% 


1 


38 


140 301 


44 


8.4% 


73% 


843% 


10 


66 


175 273 


9 


1.7% 


12.6% 


85.7% 



10 

Number of samples in data set = 523. 



TABLE 6 



A pplication of A ^tlm. Validation H1n Set 2 





PT-S, 


PT-R, 


PT-S, 


PT-R, 


%PT-R, 


%PT-S, 


Overall 


No. 


GT-R 


GT-R 


GT-S 


GT-S 


GT-S 


GT-R 


Concordance 


Start 


8 


86 


172 


41 


13.4% 


2.6% 


84.0% 


1 


8 


94 


172 


33 


10.7% 


2.6% 


86.6% 


10 


25 


120 


155 


7 


2.3% 


8.1% 


89.6% 



25 Number of samples in data set = 307 (after the removal of samples containing 
mixtures of amino acids at any of the positions associated with reduced 
susceptibility to lopinavir from the starting data set of 523 samples of Table 7). 
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TABLE 7 



Weighting Factors 



5 



15 



20 



25 



Mutation 


Weighting 
Factor 


Mutation 


Weighting 
Factor 


L10F 


1 


I54M 


3 


L10I 


1 


I54S 


a 


G16E 


1 


I54T 


3 


K20I 


1 


I54V 


3 


K20M 


1 


K55R 


1 


K20R 


1 


Q58E 


1 


L24I 


1 


L63T 


1 


V32I 


1 


A71I 


1 


L33F 


1 


L76V 




E34Q 


1 


V82A 


3 


K43T 




V82F 


3 


M46I 




V82S 


3 


M46L 




V82T 




M46V 




I84A 




I47V 




I84L 




G48V 




I84V 




I50V 


3 


L89I 




I54A 


3 


L89M 




I54L 


1 
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TABLE 8 



10 



Cutoff 


PT-S, 


PT-S, 


PT-R, 


PT-R, 


Overall 




GT-R 


GT-S 


GT-R 


GT-S 


Concordance 


6 


93 


404 


589 


13 


90.4% 


7 


63 


434 


572 


30 


91.5% 


8 


50 


447 


548 


54 


90.5% 
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TABLE 9 

mmtrr tw apv MUTATIONS ON LPV AND APV StTSCEPTTOaUX 

5 



20 



25 



30 



genotype group 


n 


Median LPV FC 


Median APV FC 


wiia-type v«i prnnary positions; 




06 


0.6 


not containing any tested 

UlUMUIvll 


1096 


2.1 


1.6 


32 


26 


12 


9.5 


47 


8 


191 


26 


SO 


42 


54 


20 


54" 


9 


160 


22 


84 


247 


7.1 


11 


32 47 


23 


7.5 


12 


32,84 


3 


124 


51 


46 b ,54 


16 


138 


84 


47,54 


3 


88 


42 


47,84 


4 


28 


12 


54,84 


22 


93 


67 


32,47,54 


17 


146 


40 


46,54,84 


29 


30 


47 


47,54,84 


3 


20 


24 


32,46,47,54 


4 


208 


130 


32,47,54,84 


5 


227 


130 


32,46,47,54,84 


6 


200 


130 



"I54LorMonly 
b M46IorL 
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TABLE 10 

ISSSA SSSm ASSOCf ftTgn WITH AFV AND ItFV FC ^ %|5 

5 



10 



15 



20 



ArV 


AFV/LPV 

AT T/JU* T 


10F 


IAD 


11 


11 


23 




321 


Iff 

321 


33F 


33r 


34Q 


34Q 


43T 


ATT 


47V 


47 V 


48M 




50V 


30V 


53L 


531* 


54A 


</l A 

54A 


54L 




54M 




54S 


54S 


54T 


54T 


55 


55 


58B 


58B 


66 




71L 


71L 


76V 


76V 


79 


79 


82F 


82P 


84V 


84V 


92 




95 


95 



mutations with %Rz%S >5 andP<0.01, forFC >2.5 
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TABLE }\ 

rAwvOTATiCTirs vcm IPV-APV runss-RFSTSTANCE 



Percent of Samples 
All' APVGT-R 



APV FC > 2.5 also LPV FC > 10 


82 


83 


LPV FC> 10 also APV PC > 2 3 


91 


99 


PT-R for either PI PT-R for both 


76 


82 


APVFC>2.5 


61 


95 


LPV FC > 10 


55 


80 



10 



15 



20 



25 



« samples with no protease inhibitor FC> 2 and no protease inhibitor primary 
mutations excluded; n=1099 
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What is claimed is: 



10 



15 



30 



A method for detennining whether a HIV has an increa 
having a reduced susceptibility to treatment with a protease inhibitor, 
comprising detecting in the protease of said HIV or in a nucleic acid of 
said HIV that encodes die protease, the presence or absence Of a mutation 
associated with reduced susceptibility to treatment with said protease 
inhibitor at amino acid position 20, 33, 34, 43, 46, 48, 50, 54, 55, 58, 63, 
66, 73, 74, 76, 79, 82, 84 or 89 of the amino acid sequence of said 
protease, wherein the presence of said mutation indicates that the HIV has 
an increased likelihood of having reduced susceptibility to treatment with 
the protease inhibitor, with the proviso that said mutation is not K20M, 
K20R, M46I, M46L, I54L, I54T. I54V, L63P, V82A, V82F, V82T or 
I84V. 



2. A method for determining whether an individual infected with HTV has an 
increased likelihood of having a reduced susceptibility to treatment with a 
protease inhibitor, comprising detecting, in a sample from said individual, 
the presence or absence of a mutation associated with reduced 
20 susceptibility to treatment with said protease inhibitor at amino acid 

position 20. 33, 34, 43, 46, 48, 50, 54, 55, 58, 63, 66, 73, 74, 76, 79, 82, 84 
or 89 of the amino acid sequence of the protease of the HIV, wherein the 
presence of said mutation indicates that the individual has an increased 
likelihood of having reduced susceptibility to treatment with the protease 
25 inhibitor, with the proviso that said mutation is not K20M, K20R, M46I, 

M46L, I54L, I54T, I54V, L63P, V82A, V82F, V82T or I84V. 

3. The method of claim 1 or 2, wherein the mutation is detected in the 



4. The method of claim 1 or 2, wherein the mutation is detected in a nucleic 
acid of said HIV mat encodes the protease. 



5. The method of claim 1 or 2, wherein the mutation associated with reduced 
35 susceptibility to treatment with said protease inhibitor is selected from the 

group consisting of: K20I,M46V,I50L 1 I54A,I54M,I54S.L63T,V82S, 
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25 



I84A, I84L, L33F, L33I, L33V, E34D, E34K, E34Q, K43T, C548V, BOV, 
K55R, Q58E, G73C, G73T, T74A, T74P, T74S, L76V, P79A, F79D, 
P79E, L89I and L89M. 

An isolated oligonucleotide between about 10 and about 100 nucleotides 
long encoding a protease in a HTV that comprises a mutation at amino acid 
position 20, 33, 34, 43, 46. 48, 50, 54, 55, 58, 63, 66, 73, 74, 76, 79, 82, 84 
or 89 of an amino acid sequence of said protease in said human 
immunodeficiency vims, wherein the mutation is associated with reduced 
susceptibility to a protease inhibitor, with the proviso that said mutation is 
not K20M, K20R, M46I, M46L. I54L, I54T, I54V, L63P, V82A, V82F. 
V82TorI84V. 



7. The isolated oligonucleotide of claim 6, wherein the oligonucleotide is 
15 between about 10 and about 90 nucleotides long. 

8. The isolated oligonucleotide of claim 6, wherein the oligonucleotide is 
between about 10 and about 80 nucleotides long. 

20 9. The isolated ohgonucleotide of clam^^^ 

between about 10 and about 70 nucleotides long. 

10. The isolated otigonucleotide of claim 6, wherein the ohgonucleotide is 
between about 10 and about 60 nucleotides long. 



11. The isolated oligonucleotide of claim 6, wherein the ohgonucleotide is 
between about 10 and about 50 nucleotides long. 



12. The isolated oligonucleotide of claim 6, wherein the ohgonucleotide is 
30 between about 10 and about 40 nucleotides long. 

13. A method for determining whether a human immunodeficiency virus 
(HIV) has an increased likelihood of having reduced susceptibility to 
treatment with a protease inhibitor, comprising: 

35 (a) detecting, in said HIV, the presence or absence of one or more of 

the HIV protease mutations listed in Table 7; 
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(b) assigning a waiting factor to each mutation as provided in Table 
7; and 

(c) adding said weighting factors to get a total score for said HIV, 
wherein said HIV has an increased likelihood of being resistant to 
treatment with said protease inhibitor if said total score is equal to or 



14. The method of claim 13, wherein said HTV has an increased likelihood of 
being resistant to treatment with said protease inhibitor if said total score is 

10 equal to or greater than 7. 

15. The method of claim 13, wherein said HIV has an increased likelihood of 
being resistant to treatment with said protease inhibitor if said total score is 
equal to or greater than 8. 



16. The method of claim 13, wherein the mutation is detected in the protease 
of said HIV. 



17. The method of claim 13, wherein the mutation is detected in a nucleic acid 
20 of said HIV that encodes the protease. 

18. A method for determining whether an individual infected with a human 
immunodeficiency virus (HIV) has an increased likelihood of having 
reduced susceptibility to treatment with a protease inhibitor, comprising: 

25 (a) detecting, in a sample from said individual, the presence or absence 

of one or more of the HTV protease mutations listed in Table 7; 

(b) assigning a weighting factor to each mutation as provided in Table 
7; and 

(c) adding said weighting factors to get a total score for said individual 
30 wherein said individual has an increased likelihood of being resistant to 

treatment with said protease inhibitor if said total score is equal to or 
greater than 6. 

19. The method of claim 18, wherein said individual has an increased 

35 likelihood of being resistant to treatment with said protease inhibitor if 

said total score is equal to or greater than 7. 
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20. The method of claim 18, wherein said individual has an increased 

likelihood of being resistant to treatment with said protease inhibitor if 
said total score is equal to or greater than 8. 

5 21. The method of claim 18, wherein the mutation is detected in the protease 
of said HIV. 

22. 

10 

23. 



24. 

15 

25. 



20 

26. The method of claim 25 wherein said sequence-specific oligonucleotide 
probe hybridizes to a nucleic acid encoding said mutation and the presence 

25 of hybridization indicates the presence of said mutation. 

27. The method of claim 4, 17 or 22, wherein said presence or absence of said 
mutation in said protease is detected by nucleic acid sequencing. 

30 28. The method of claim 2 or 18, wherein the individual is undergoing or has 
undergone prior treatment with said or different protease inhibitor. 

29. The method of claim 1 , 2, 13 or 1 8, wherein the protease has a sequence 
that is at least 90% identical to SEQ ID NO: 1. 

35 



The method of claim 18, wherein the mutation is detected in a nucleic acid 
of said HIV that encodes the protease. 

The method of claim 1, 2, 13 or 18, wherein said human 
immunodeficiency virus is human immunodeficiency virus type 1 (HTV-1). 



The method of claim 1, 2, 13 or 18, wherein said protease inhibitor is 
lopinavir. 

The method of claim 4, 17 or 22, wherein said presence or absence of said 
mutation in said protease is detected by hybridization with a sequence- 
specific ohgonucleotide probe to a nucleic acid sequence of said human 
immunodeficiency virus encoding said mutation, wherein the occurrence 
of hybridization indicates said presence or absence of said mutation. 
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30. Hie method of claim 1, 2, 13 or 18, wherein the protease has a sequence 
(hat is at least 80% identical to SEQ ID NO: 1. 

31. The method of claim 1, 2, 13 or 18, wherein the method comprises 

5 detecting the presence or absence of a mutation associated with reduced 

susceptibility to treatment with said protease at 2 or more of the amino 
add positions. 

32. A method for determining whether a HTV has an increased likelihood of 
10 having a reduced susceptibility to treatment with a first protease inhibitor, 

s or absence 



of a mutation associated with reduced susceptibility to treatment with a 
second protease inhibitor at amino acid position 10, 1 1, 32, 33, 34, 43, 46, 
47, 48, 50, 54, 58, 71, 76, 79, 82, 84 or 95 of the amino acid sequence of 
15 said protease, wherein the presence of said mutation indicates that the HTV 

has an increased likelihood of having reduced susceptibility to treatment 
with said first protease inhibitor, with the proviso that said mutation is not 
V32I, M46I, M46L, I47V, I50V , K4L, K4M, V82A, or I84V. 

20 33. A method of detemrining whether an individual infected with HTV has an 
increased hkeHhood of having a reduced susceptibfflty to treatment with a 
first protease inhibitor, comprising detecting, in a sample from said 
individual, the presence or absence of a mutation associated with reduced 
susceptibility to treatment with a second protease inhibitor at amino acid 

25 position 10, 11, 32. 33, 34, 43, 46, 47, 48, 50, 54, 58, 71, 76. 79. 82. 84 or 

95 of the amino acid sequence of the protease of the HIV, wherein the 
presence of said mutation indicates that the individual has an increased 
likelihood of having reduced susceptibility to treatment with said first 
protease inhibitor, with the proviso that said mutation is not V32I, M46T, 

30 M46L, I47V, I50V, I54L. K4M, V82A or I84V. 

34. The method of claim 32 or 33, wherein the first protease inhibitor is 
lopinavir or ampienavir. 

35 35. TheineAodofclaim32or33,wheiemto^ 
lopinavir or amprenavir. 
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36. A method for determining whether a HIV has an increased likelihood of 
having a reduced susceptibility to treatment with a protease inhibitor, 
comprising detecting in the protease of said HIV or in a nucleic acid of 
said HTV that encodes the protease, the presence or absence of a mutation 
associated with reduced susceptibility to treatment with said protease 
inhibitor at amino acid position 10, 11, 32, 47, 53, 71 or 95 of the amino 



acid sequence < 

indicates that the HTV has an increased likelihood of having reduced 
susceptibility to treatment with the protease inhibitor, with the proviso that 
10 said mutation is not V32I or I47V. 

37. A method for determining whether an individual infected with HTV has an 
increased hkelihood of having a reduced susceptibility to treatment with a 
protease inhibitor, comprising detecting, in a sample from said individual, 

15 the presence or absence of a mutation associated with reduced 

susceptibility to treatment with said protease inhibitor at amino acid 
position 10, 11,32,47,53,71 or95of the amino acid sequence of the 
protease of the HTV, wherein the presence of said mutation indicates that 
the individual has an increased likelihood of having reduced susceptibility 

20 to treatment with the protease inhibitor, with the proviso that said mutation 

isnotV32IorI47V. 

38. The method of claim 37 or 38, wherein the mutation associated with 
reduced susceptibility to treatment with said protease inhibitor is selected 

25 from the group consisting of: L10F.F53L and A71L. 



30 



35 
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FIG. 12 

SEQ. ID. NO: 1: NL4-3 HIV Protease Amino Acid Sequence 

PQ1TLWQRPL VTIKIGGQLK EALLDTGADD TVU3BMNLPGRWKPKMIGGI 

GGFKVRQYD QEJEICGHK AIGTVLVGPT PVNHGRNLL TQIGCTLNF 

SEQ. ED. NO: 2: NL4-3 HIV Protease Gene Nucleotide Sequence 

I- 10 OCT CAG ATC ACT CTT TGG CAG CQA CCC CTC 

II- 20 GTC ACA ATA AAG ATA GGG GGG CAA TTA AAG 
21-30 GAA GCT CTA TTA GAT ACA GGA GCA GAT GAT 
31-40 ACA GTA TTA GAA GAA ATG AAT TTG CCA GGA 
41-50 AGA TGG AAA CCA AAA ATG ATA GGG GGA ATT 
51-60 GGA GGT TTT ATC AAA GTA AGA CAG TAT GAT 
61-70 CAG ATA CTC ATA GAA ATC TGC GGA CAT AAA 
71-80 GCT ATA GGT ACA GTA TTA GTA GGA OCT ACA 
81-90 CCT GTC AAC ATA ATT GGA AGA AAT CTG TTG 
91-99 ACT CAG ATT GGC TGC ACT TTA AAT TTT 
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FffArt nf Amino Acid at Position 82 




FIGURE 13 
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TTffM-t nf Amino Acid at Position 54 
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FIGURE 14 
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<160> 2 

<170> Patentln version 3.2 

<210> 1 

<211> 99 

<212> PRT 

<213> Human immunodeficiency virus 

<400> ^ 

Pro Gin *Ile Thr Leu Trp Gin Arg Pro Leu Val Thr He Lys He Gly 
1 5 10 15 

Gly Gin Leu Lys Glu Ala Leu Leu Asp Thr Gly Ala Asp Asp Thr Val 
20 25 30 

■i 

Leu Glu Glu Met Asn Leu Pro Gly Arg Trp Lys Pro Lys Met He Gly 
35 40 45 

Gly He Gly Gly Phe He Lys Val Arg Gin Tyr Asp Gin He Leu He 
50 55 60 

Glu He Cys Gly His Lys Ala He Gly Thr Val Leu Val Gly Pro Thr 
65 70 75 80 

Pro Val Asn He He Gly Arg Asn Leu Leu Thr Gin He Gly Cys Thr 
85 90 95 

Leu Asn Phe 



<210> 2 

<211> 297 

<212> DMA 

<213> Human immunodeficiency virus 
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cctcagatca ctctttggca gcgacccctc gtcacaataa agataggggg gcaattaaag 60 

gaagctctat tagatacagg agcagatgat acagtattag aagaaatgaa tttgccagga 120 

agatggaaac caaaaatgat agggggaatt ggaggtttta tcaaagtaag acagtatgat 180 

cagatactca tagaaatctg cg'gacataaa gctataggta cagtattagt aggacctaca 240 

cctgtcaaca taattggaag aaatctgttg actcagattg gctgcacttt aaatttt 297 
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